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ABSTRACT
A Morphological Phylogeny of Odonatoptera: Examining Missing Data
in a Group with a lot of “Naturally” Missing Data
Robert James Erickson
Department of Biology, BYU
Master of Science
Odonatopera exhibit a wide diversity of morphologies for an ancient group of winged
insects. A morphological matrix of 463 characters is compiled for 347 extant and fossil
representatives used in parsimony analyses, implemented in TNT, to document arrangements of
taxonomic groups above the family level. Missing data and other challenges approaches
implemented and interpretation of the results. We employ a novel approach to testing monophyly
relative to quantities of missing data for each taxon. Phylogenetic reconstructions recover
patterns of monophyly and trends based on missing data. We discuss the implications of our
findings on missing data as well as limitations to systematics in general for Odonatoptera.
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INTRODUCTION
Odonatoptera is a superorder within the Palaeoptera which represents a wide range of
morphologies in a group of extant and fossil dragonfly-like insects. The smallest known
odonatopteran (Agriocnemis bumhilli) have wingspans of no more than 19 mm (Kipping,
Martens, & Suhling, 2012) and the largest known fossil (Meganeuropsis permiana) have
wingspans reaching more than 700 mm (Carpenter, 1939, 1947). Odonatoptera is composed of
the order Eugeroptera and the clade Palaeodonatoptera, which represents six orders
(Argentioptera, Eugeroptera, Geroptera, Kukaloptera, Meganisoptera, and Odonata) and many
lower taxonomic rankings. Odonatoptera dates to the late Carboniferous, >320 million years ago
(MYA), predating dinosaurs by ~100 MYA. Extant members of the group comprise modern
dragonflies and damselflies (Odonata), which also have a substantial fossil record. Extant and
fossil members of Odonatoptera are relatively speciose with species present on every continent,
including Antarctica (Carpenter, 1969; Kelly & Nel, 2018). Immature forms, called naiads
(Comstock, 1918), are restricted to freshwater habitats where they function as opportunistic and
top invertebrate predators integral to the ecosystems they inhabit (Chandra, Mondal,
Bandyopadhyay, & Ghosh, 2016; Din, Zia, Bhatti, & Khan, 2013; Hoopes, 1960; Kelts, 1977;
Kukalová-Peck, 2009). The group inhabits nearly all aquatic habitats including river, lakes,
permanent and ephemeral ponds, bogs, tree holes and similar isolated pockets of water
(phytotelmata) with the exception of pitcher plants ( Dunkle, 1980; Kalkman & Orr, 2016; Khan,
2016; Richards, Davies, Richards, & Davies, 1977; Tavares, 2018). Both naiads and adults are
carnivorous and generally insectivorous. The different habitats of the life stages results in
drastically varied morphologies and ecologies between these life stages (e.g. specializing in
consuming spiders as adults Ingley, Bybee, Tennessen, Whiting, & Branham, 2012; burrowing in
1

substrates Phillips, 2001; clinging to the undersides of waterfalls De Marmels, 2007). Due to
their aquatic lifestyle and broad distributions, a wealth of diversity is represented in the fossil
record (>1000 fossil species Behrensmeyer & Turner, 2013), and numerous extant taxa (>6,300
extant species Schorr and Paulson, 2019). The impressive array of morphological forms and
functions make Odonatoptera an extremely attractive group for evolutionary studies. There is
currently no clear, rigorous picture of odonatopteran phylogenetic relationships using a
computational phylogenetic approach (but see Trueman, 1996). This problem is due, in part, to
incomplete sampling, the challenges of combining morphological and molecular data, as well as
the relatively old age of the group which has resulted in fragmented, incomplete and difficult to
homologize morphological data for phylogenetic analysis. A few landmark works have looked at
odonatopteran systematics (Bechly, 1996; Bybee, Ogden, Branham, & Whiting, 2008; Fleck,
Bechly, Jarzembowski, Nel, & Martínez-Delclòs, 2004; Rehn, 2003), but there still has not been
an attempt to reconstruct the phylogeny of Odonatoptera using modern computational
approaches (but see Davis, Nicholson, Saunders, & Mayhew, 2011 who attempted a supertree
approach).
While there are challenges to including extant taxa in a morphological analysis (e.g.,
poorly known morphologically, few specimens in collections, lacking behavioral data, possess a
unique combination of character states, etc.) these challenges are exacerbated among fossil
odonatopteran taxa making it problematic to produce a large-scale phylogenetic estimate to
better understand their evolution.
This paper presents a phylogenetic analysis of Odonatoptera based on morphological data
and provides insight into the challenges of using large morphological datasets of both extant and
fossil taxa. The current study is based on a morphological data matrix of 463 characters with a
2

broad taxon sampling and represents the most extensive attempt at Odonatoptera phylogenetic
reconstruction.
We have four main goals: (i) to reconstruct the phylogeny of Odonatoptera using
morphological data using a cladistic approach; (ii) to explore the patterns of missing for the
generated morphological dataset; (iii) to investigate the effect of missing data and taxon
sampling; (iv) to test the utility of homoplastic characters in reconstructing the phylogeny of
Odonatoptera.
MATERIALS AND METHODS
We follow the terminology for wing morphology of Riek & Kukalová-Peck (1984) as
used by Garrison, Von Ellenrieder, & Louton (2010), e.g., the discoidal cell of many authors is
here called the quadrangle. Some details of venation in the base of the wing follow the
terminology of Bechly (1996). Abbreviations used in the text and appendices are: 'A', anal vein;
AA, anal anterior vein; AP, anal posterior vein; 'a', arculus; aa, accessory antenodal crossveins;
Ax0, Ax1, Ax2, antenodal crossveins 1–3; CuA, cubitus anterior; CuP, cubitus posterior; IR2,
intercalar vein 2; MA, media anterior; MP, media posterior; n, nodus; Q, quadrangle; RA, radius
anterior; RP1 radius posterior 1; IR1, intercalar vein 1; RP1-2, radius posterior 1+2; RP2, radius
posterior 2; RP3-4, radius posterior 3+4; ScP, subcosta posterior; sn, subnodus; sq,
subquadrangle; C, costa; cv, crossvein. Forewing and hindwing are abbreviated as FW and HW.
Also see terminology illustrated in Bechly et al. (2001: Figure 1). By a vein being “linear”, we
mean not zigzagged.
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Phylogenetic analysis
Taxon sampling. We included a sample of 139 extant and 196 additional fossil taxa spanning the
Paleozoic through the Cenozoic (326.4–13.82 MYA) as well as twelve fossil outgroup taxa
composed of crown group Odonatoptera orders in addition to a member of Palaeoptera
(Severinula). Fossil taxa represented Eugeroptera, Argentinoptera, Geroptera, Meganisoptera,
Protanisoptera, Triadophlebiomopha, Protozygoptera, Tarsophlebiidae (currently recognized as
sister to Odonata; Fleck et al., 2004), and Odonata. Additionally, five incertae sedis fossil
odonatopteran were included (Aseripterella, Bechala, Campyloptera, Lapeyria, Sylphalula). All
taxa, both fossil and extant, are listed in Appendix 1.
Higher taxonomic groups of interest. Our taxon sampling allows us to test hypotheses of
phylogenetic placement and monophyly of the following higher level groups (orders and
suborders within Odonatoptera excluding suborders within Odonata): Meganisoptera,
Protanisoptera, Triadophlebiomopha, Protozygoptera, Odonata. Additionally, we can examine
both the placement and monophyly of the suborders and superfamilies (listed in parentheses)
within Odonata: Anisozygoptera, Anisoptera (Aeshnoidea, Cordulegastroidea, Gomphoidea,
Libelluloidea, Petaluroidea), Cephalozygoptera (Archibald et al., in press), Zygoptera (Lestoidea,
Calopterygoidea, Coenagrionoidea) (Dijkstra et al., 2013).

4

Character selection. We scored 463 morphological character states of the head, body, abdomen,
naiad, wing venation and behavior from both extant and fossil specimens and from both
published drawings and descriptions. Both continuous and discrete characters were scored from
the literature and from personal observations. Continuous characters include three naiad and 25
wing venation characters, while the remaining discrete characters included 24 head, seven
thoracic, 24 abdominal, 55 naiad, one behavioral and 324 additional wing characters with all
characters being associated with 27 unique anatomical systems (see character list, Appendix 2).
We used continuous characters for phylogenetic resolution of closely related groups (De Bivort
& Giribet, 2010; Gutiérrez, Noguera, Zaragoza-Caballero, & Morrone, 2020; Mongiardino Koch,
Soto, & Ramírez, 2015; Parins-Fukuchi, 2018). Whenever possible, we scored the states of these
as ranges, accounting for intraspecific variation. Continuous characters were standardized within
TNT (“Tree analysis using New Technology” phylogenetic software: Goloboff, 2003) by
transforming the full range of each continuous character into a single step (Goloboff, Carpenter,
Arias, & Esquivel, 2008; Mongiardino Koch et al., 2015). All discrete characters were treated as
unordered. The matrix contained 160,661 coded characters with 76,401 instances treated as
unknown or inapplicable by TNT (contact the first author for the full matrix).
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Analyses. Analyses were done with maximum parsimony using TNT version 1.5 (Goloboff &
Catalano, 2016; Goloboff, Farris, & Nixon, 2008) as continuous characters can be included.
Bayesian and likelihood methods were not used for phylogenetic reconstruction as they are not
compatible with continuous characters (see above). In all analyses, we performed 100 random
addition sequences followed by rearrangements using tree-bisection-reconnection (TBR) branch
swapping. A strict consensus of all most parsimonious trees was then generated and used to
calculate nodal support values. Branch support was calculated using 100 bootstrap replicates as
well as relative Bremer supports up to suboptimal level eight. Because taxon sampling varies
between analyses due the exclusion of taxa with varying degrees of missing data, trees were
rooted based on the presence of available outgroups. Tree rooting was based on the age of the
most basal taxon remaining, however when no sister group for Odonata was present trees were
rooted to Epiophlebia.

Missing data
The data matrix was read into R (R Core Team, 2018) and analyzed for various
compositions of missing data: distributions relative to the higher taxonomic groups of interest
(i.e., above family level), relative to each of the 27 unique anatomical systems (Table 1), and
relative to all characters analyzed. The amount of missing data per character was also explored in
R.

Exploratory Nonrandom Incremental Removal of Taxa (Ex-NITRA)
We examined phylogenetic resiliency (i.e., monophyly) to missing data across the
topology as well as the sensitivity of taxon sampling. We call this the exploratory nonrandom
6

Table 1. The number of characters for each of the 27 anatomical systems of Odonatoptera. The
amount of discrete/continuous characters in each system and the percentage of discrete
characters for each complex are given for perfect homologous and homoplastic characters.
Anatomical system

No. of
discrete/continuous
characters

CI = 1
(% in system)

CI < 1
(% in system)

Head

24/0

1 (4.2)

23 (95.8)

Thorax (Body)

3/0

0 (0.0)

3 (100.0)

Thorax (Legs)

4/0

1 (25.0)

3 (75.0)

Abdomen (Structural)

10/0

2 (20.0)

8 (80.0)

Abdomen
(Primary Genitalia)

5/0

0 (0.0)

5 (100.0)

Abdomen
(Secondary Genitalia)

9/0

0 (0.0)

9 (100.0)

Naiad Head

27/3

4 (14.8)

23 (85.2)

Naiad Thorax (Body)

5/0

0 (0.0)

5 (100.0)

Naiad Thorax (Legs)

3/0

0 (0.0)

3 (100.0)

Naiad Abdomen
(Structural)

6/0

0 (0.0)

6 (100.0)

Naiad Abdomen
(Primary Terminalia)

11/0

2 (18.2)

9 (81.8)

Wing: Articulation

9/0

0 (0.0)

9 (100.0)

Wing: Leading Edge
[Pre-Nodus] (Ax0)

10/0

2 (20.0)

8 (80.0)

Wing: Leading Edge
[Pre-Nodus] (Ax2)

6/0

1 (16.7)

5 (83.3)

Wing: Leading Edge
[Pre-Nodus] (Other)

25/4

6 (24.0)

19 (76.0)

Wing: Nodus

26/6

6 (23.1)

20 (76.9)

Wing: Leading Edge
[Post-Nodus]

32/2

6 (18.8)

26 (81.2)

Wing: Pterostigma (Pt)

10/0

0 (0.0)

10 (100.0)
7

Wing: Pterostigma
(Brace)

16/0

0 (0.0)

16 (100.0)

Wing: Arculus/Discoidal
Wing Base

79/2

5 (6.3)

74 (93.7)

Wing: Anal

64/5

10 (15.6)

54 (84.4)

Wing: Cubital

4/0

2 (50.0)

2 (50.0)

Wing: Radial-Medial
Interior

4/0

0 (0.0)

4 (100.0)

Wing: Wing Tip

16/6

0 (0.0)

16 (100.0)

Wing: Wing Hind Margin

4/0

0 (0.0)

4 (100.0)

Wing: Wing in General

22/0

0 (0.0)

22 (100.0)

Behavior

1/0

0 (0.0)

1 (100.0)

incremental taxonomic removal approach (Ex-NITRA). Taxonomic subsets of the original data
matrix were created by removing taxa in a nonrandom fashion based on the amount of missing
data associated with each taxon. We subsample the data arbitrarily in increments of five percent
missing data beginning with the full data matrix (i.e., allowing for up to 100% missing data) until
all taxa were removed from the analysis (15% missing data). At each step the presence or
absence of the higher taxonomic groups of interest was documented, as well as the quantity of
monophyletic groups recovered (used to determine status of a taxonomic group as monophyletic,
paraphyletic, or polyphyletic). All subsets of data were investigated in the same format as the
original dataset (see Analyses).

Homoplastic characters
We evaluated the ability of homoplastic characters to generate a similar topology to the
entire data set. We did this by calculating the consistency index (CI) in PAUP*4.0a (build 168)
8

(Swofford, 2002) for each character based on the strict consensus of the full dataset (Figure 1)
and then partitioning the characters into several subsets based on CI values. Subsets of characters
were made based on separation of perfectly homologous characters (CI=1) from all other
characters, or not, and the partitioning of all remaining characters into similarly sized groups
(Table 2). Each subset demonstrates the ability of that set of characters to reconstruct a
phylogeny similar to the strict consensus of all characters (Table 2). All subsets were analyzed as
the full dataset (see Analyses). The degree of similarity between each resulting subset topology
and the original phylogeny, generated from the full dataset, was conducted in PAUP (Swofford,
2002) using the command “PScore / NonparamTest”.
RESULTS
Phylogenetic analysis
A morphological matrix of 463 characters was coded for 341 genera representing 407
species. Number of characters varied between all 27 anatomical systems, behavior being
represented by a single character while features of the arculus and discoidal wing base were
represented by 81 characters. Parsimony analysis as implemented in TNT recovered two most
parsimonious trees from which a strict consensus was constructed (Figure 1), length of 6060.932
steps (partial steps stem from use of continuous characters as implemented in TNT). A total of
21 nodes (6.25%) had a bootstrap value at or above 50. Bootstrap supports above 70 were found
at only 12 of the 336 nodes (3.6%), with only seven (2%) being between 90 and 100. A total of
89 nodes (26.5%) had a Bremer support value. Bremer support values above three were found at
29 of the 336 nodes (8.6%), while 12 Bremer support values above five were recovered (3.6%).
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Table 2. Morphological character arrangements used to construct subsets of the morphological
matrix for each character based on the consistency index (CI) derived from the strict consensus
phylogenetic estimate of all characters (Figure 1). In column 2, descriptions are provided for the
arrangement for all characters in each subset. The 28 continuous characters were used in all
datasets, as CI cannot be calculated for such characters. Datasets using perfectly homologous
characters (CI=1) separate from other characters are denoted as not including x=1. Numbers
denoted in parentheses indicate the number of discrete characters for each dataset.
Subset
No.

Description of each
subset

1

Group No.
1

2

3

Perfect homologous;
homoplastic

CI=1
(48)

CI<1
(392)

2

Not including x=1;
divided into 2
groups

CI=1
(48)

0.7≥CI≥0.111
(176)

0.105≥CI≥0.023
(188)

3

Not including x=1;
divided into 2
groups

CI=1
(48)

0.7≥CI≥0.2
(118)

0.182≥CI≥0.071
(120)

4

Including x=1;
divided into 3
groups

1≥CI≥0.25
(137)

0.222≥CI≥0.081
(124)

0.08≥CI≥0.023
(151)

5

Including x=1;
divided into 4
groups

1≥CI≥0.4
(103)

0.333≥CI≥0.125
(96)

0.118≥CI≥0.065
(124)

4

0.069≥CI≥0.023
(126)

0.062≥CI≥0.023
(89)

Missing data
The amount of missing data varies among all taxonomic groups of interest (Figure 2-4),
morphological characters (Figure 5) and anatomical systems (Figure 6; see individual systems in
Appendix A-AA). The most complete taxonomic groups are those with extant taxa. The RadialMedial Interior was the anatomical region with the lowest amount of missing data for a system
(7.0%) while Naiad Abdomen (Primary Terminalia) had the greatest amount of missing data for
a system (78.2%) (Appendix A-AA). For the full dataset, 47.6% of all data is missing globally.
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Figure 1. Phylogenetic reconstruction for 347 taxa for the parsimony analysis of the full
morphological matrix. Strict consensus topology of two most parsimonious trees recovered with
a length of 6060.932 steps, a consistency index of 0.050 and a retention index of 0.355.
Bootstrap and Bremer support values are reported at each node where they were calculated.
Unreported values by TNT are shown as “NA”. Unlabeled nodes are ones where both bootstrap
and Bremer supports are not reported. Fossil taxa are noted with a “†” symbol preceding the
species name. (a) Meganisoptera, Protanisoptera, Protozygoptera, Triadophlebioptera, and
Odonata; (b) Anisoptera and Libelluloidea; (c) Anisoptera, Aeshnoidea, Cordulegastroidea,
Gomphoidea, and Petaluroidea; (d) Anisozygoptera, Zygoptera, and Calopterygoidea; (e)
Cephalozygoptera, Zygoptera, Lestoidea; (f) Zygoptera, Coenagrionoidea, and various others.
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Figure 1. Continued.
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Figure 1. Continued.
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Figure 1. Continued.
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Figure 1. Continued.

15

Figure 1. Continued.
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Figure 2. Boxplots displaying the total amount of missing data within each higher taxonomic
group (i.e., orders and suborders within Odonatoptera but not the odonate suborders) with the
number of taxa representing each group listed next to each box. Odonata is divided between
extant (red) and fossil (blue) representatives. The palaeopteran outgroup, Severinula leopoldi, is
not shown but is missing 91.4% of data in the full dataset.
Exploratory Nonrandom Incremental Removal of Taxa (Ex-NITRA)
Topologies investigating missing data using Ex-NITRA demonstrated high variability in
the recovery of monophyly relative to higher taxonomic groups of interest (Table 3) (available
by request from the first author). Higher taxonomic groups of interest which were consistently
recovered as a single monophyletic clade among all subsets of the original data matrix included
Meganisoptera, Odonata, Anisozygoptera, Cephalozygoptera, Zygoptera, and Libelluloidea

17

Figure 3. Boxplots displaying the amount of missing data among the taxa within the suborders of
Odonata as well as additional incertae sedis Odonata with no subordinal affiliation with the
number of taxa representing each group listed next to each box.
(Table 3). Groups entirely composed of fossils varied in the number of subsets for which they
were included based on the amount of missing data among their individual representatives.
Triadophlebiomorpha and Protozygoptera being removed first at subset 75%, followed by
Protanisoptera at subset 70%, Meganisoptera at subset 65%, and lastly Cephalozygoptera at
subset 40%. In general most groups only recovered between one and two monophyletic clades
per subset (Table 3). Notable exceptions include the superfamilies within Zygoptera
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Figure 4. Boxplots displaying the amounts of missing data among the taxa within the
superfamilies consisting of the suborders Anisoptera and Zygoptera with the number of taxa
representing each group listed next to each box.
(Calopterygoidea, Coenagrionoidea, and Lestoidea) and the suborder Anisoptera. Anisoptera was
not recovered as a single monophyletic group in subsets 70 and 80% when Zygoptera nested
within Anisoptera thus rendering it polyphyletic. Zygopteran superfamilies Coenagrionoidea and
Lestoidea were recovered as three monophyletic clades in a single subset (i.e. polyphyletic).
Lestoidea was recovered in subset 80% as three clades composed of fossil representatives, the
family Lestidae, and the remaining extant families (Hemiphlebiidae, Perilestidae, and
Synlestidae). Coenagrionoidea was recovered in subset 25% as three monophyletic clades when
Lestoidea nested within Coenagrionoidea. Calopterygoidea was recovered in a majority of ExNITRA reconstruction as a paraphyletic or polyphyletic group (i.e. two or more non
monophyletic clades of Calopterygoidea representatives).
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Figure 5. Boxplots displaying the amount of missing data among all 27 anatomical systems with
the number of characters representing each system listed next to each box.
Homoplastic characters
Perfectly homologous characters were not evenly distributed among the various
anatomical systems, neither were they found restricted to any single system (Table 2). Thus, they
were not considered further. Based on the CI values we compiled thirteen subsets made from the
full data matrix and generated a strict consensus topology for each (available by request from the
first author). Statistical tests of significant differences were made between these 13 consensus
topologies and the full matrix strict consensus topology (Table 4). The only subset consensus
20

Figure 6. Quantities of missing data for all morphological characters with counts of characters
represented in bins of 10 percent increments.
topology which was not statistically different from the full matrix strict consensus topology was
the subset where all homoplastic characters were included. All other matrices, including those
using only perfectly homologous characters, were found to be significantly different when
compared to the full matrix (Table 4).
The CI<1 matrix is also of particular importance because it is the only topology analyzed
where several taxonomic groups were found to be monophyletic which were not found among all
other analyses performed. Examples include Protanisoptera recovered as a monophyletic clade.
Libelluloidea fossils Sloveniatrum & Mesocordulia were removed from the superfamily in all
other analyses yet were found included with the rest of the monophyletic group. The
superfamilies Calopterygoidea and Coenagrionoidea of Zygoptera were also recovered as
21

Table 3. The number of monophyletic groups are reported for each of the major taxonomic
groups based on the incremental removal of taxa based on the amount of missing data for a
taxon. Percentages along the top indicate the amount of total missing data per taxon allowed in
each subset analysis. Numbers within the table indicate the number monophyletic groups (i.e., at
least two or more representatives) associated with a particular analysis. Higher numbers
represent disconnected, non monophyletic clades. If a taxonomic group has one or no
representative in the analysis the box is filled with "-".
Taxonomic Taxonomic
rank
relationships of
interest

Percentages of missing data allowed per taxon
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15

Order

Meganisoptera

1

1

1

1

1

1

1

-

-

-

-

-

-

-

-

-

-

-

Suborder

Protanisoptera

0

0

0

0

0

0

-

-

-

-

-

-

-

-

-

-

-

-

Suborder

Triadophlebiomorpha

1

1

2

1

0

-

-

-

-

-

-

-

-

-

-

-

-

-

Suborder

Protozygoptera

1

1

1

1

0

-

-

-

-

-

-

-

-

-

-

-

-

-

Order

Odonata

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Suborder

Anisozygoptera

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

-

Suborder

Anisoptera

1

1

1

1

7

1

8

1

1

1

1

1

1

1

1

1

1

1

Superfamily Aeshnoidea

1

1

1

1

1

1

1

1

1

1

2

2

2

1

1

1

1

-

Superfamily Cordulegastroidea

1

1

1

1

1

1

1

1

2

1

1

1

1

2

1

1

2

1

Superfamily Gomphoidea

1

1

1

1

1

1

1

2

1

1

2

1

1

1

1

1

1

-

Superfamily Libelluloidea

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

-

Superfamily Petaluroidea

2

2

2

1

1

1

1

1

2

2

2

1

1

1

1

1

1

-

Suborder

Cephalozygoptera

1

1

1

1

1

1

1

1

1

1

1

1

-

-

-

-

-

-

Suborder

Zygoptera

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

-

Superfamily Lestoidea

2

2

2

2

3

2

1

1

2

1

2

2

1

2

2

1

-

-

Superfamily Calopterygoidea

4

4

4

3

2

3

2

2

2

2

2

2

2

3

1

1

1

-

Superfamily Coenagrionoidea

1

1

1

1

1

1

1

1

2

1

1

1

1

1

1

3

-

-

monophyletic groups and sister to each other. Lastly, Cephalozygoptera was recovered as a
pectinate assemblage and sister to Zygoptera rather than nested within Zygoptera.
DISCUSSION
Odonatoptera make for an interesting group when considering the challenges to modern
phylogenetics, particularly when it comes to combining fossils in a phylogenetic context. Our
morphological data provide insights into these challenges including missing data, homoplasy and
nodal support, to name but a few. We discuss each below.
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Table 4. Results comparing topologies from each data subset based on CI values to those of the
strict consensus phylogeny.
Subset Topology comparisons
No.
(No. of discrete
characters)

Topology tests
Kishino-Hasegawa

Templeton test

Winning sites

1

All_characters to CI=1 (48)

<0.0001

<0.0001

<0.0001

1

All_characters to CI<1
(392)
All_characters to 2 groups
NO=1,1 (176)
All_characters to 2 groups
NO=1,2 (188)
All_characters to 3 groups
NO=1,1 (118)
All_characters to 3 groups
NO=1,2 (120)
All_characters to 3 groups
NO=1,3 (126)
All_characters to 3 groups
WITH=1,1 (137)
All_characters to 3 groups
WITH=1,2 (124)
All_characters to 3 groups
WITH=1,3 (151)
All_characters to 4 groups
WITH=1,1 (103)
All_characters to 4 groups
WITH=1,2 (96)
All_characters to 4 groups
WITH=1,3 (124)
All_characters to 4 groups
WITH=1,4 (89)

0.8566

0.7985

0.9474

0.0044

0.0009

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

0.0005

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

2
2
3
3
3
4
4
4
5
5
5
5

Missing data
Odonatoptera display a wide diversity of missing data, likely due to several factors.
Sampling fossils for phylogenetic reconstruction naturally leads to missing data because many
characters are unknowable because the fossilization process cannot preserve them (i.e. behaviors,
life histories, missing or fragmented morphological features, multiple angles for comparisons).
Additionally, taxonomic groups of interest are not uniformly abundant through time (i.e.,
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occurring in a sliver of time in the distant or recent past while others occur for a longer segment
of time) or space (some fossils appear to have had wide-ranging distributions while others were
almost certainly local endemics that scientists were lucky to have discovered). Even with these
limitations some fossil representatives still have enough morphological features to be associated
with other fossil and/or extant groups.
Anatomical systems varied in the amount of data recovered for a given system. For
example, fossils often lacked head, body, and abdominal features making these anatomical
systems less complete. Further, only 200 representatives, in this study, have a preserved wing
articulation. Other examples of rapant missing among anatomical systems include those
associated with naiads. The ability to code morphological characters among naiads was
challenged by the near complete inability to associate fossil naiads with adult counter parts.
Additionally, this system is not complete even among the extant representatives where naiad
taxonomy lags far behind adult, male taxonomy. Other aspects contributing to missing data and
not captured by any specific metric include the decision by authors to break wing characters into
fore- and hindwing characters (Fleck & Nel, 2003; Nel, Arillo, & Martínez-Delclòs, 1996; Nel,
Bechly, Jarzembowski, & Martínez-Delclòs, 1998; Nel, Marie, & Schmeißner, 2002; Vernoux,
Huang, Jarzembowski, & Nel, 2010). While this allows for specificity for polymorphisms
between fore and hindwings, which do occur but are infrequent, it does not allow comparisons to
be made between fossils which only have preservation of either a forewing or hindwing
(Carpenter, 1969; Lin, Nel, & Huang, 2010; Pritykina, 1968). This is not a trivial item for our
research as wing characters represent 338 (73.0%) of all sampled characters.
Our attempt to reconstruct the phylogeny of Odonatopera was challenged by an inability
to consistently recover monophyletic groups of interest between analyses, no to low nodal
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support, and others. These challenges are most likely due to the effect of missing data. But
missing data is complex. In our case, data is missing due to both inclusion of fossil taxa where
characters that could potentially be coded were not preserved in the fossil record and characters
that could not be homologized between different groups of interest (e.g., even between extant
Anisoptera and Zygoptera). We estimate that 238 (51.4%) characters lacked data due to the fossil
record not preserving likely codable information and 172 (37.1%) of characters lacking data due
to an inability to homologize characters (i.e., this could not be coded even if we had perfectly
preserved three dimensional fossils). Although something that we cannot address in this research,
we can address how much missing data was present in each major group and discuss possible
reasons why.

Homoplastic characters
Declaration of a morphological character as homologous or homoplastic has led to
discussions about the utility of characters in phylogenetic reconstruction denoted as homoplastic
(Hall, 2007; Hoyal Cuthill, 2015; Sanderson & Donoghue, 1989). The fact that some characters,
relative to their character states and taxon sampling choice, display homoplasy does not
necessarily mean that these are bad characters for reconstructing phylogeny. Many have
proposed that the weighting of characters, whether in an iterative or as simultaneous
approximations, based on metrics of homoplasy for each character, can be used to overcome the
effect of homoplastic characters in phylogenetic reconstruction (Farris, 1969; Goloboff, 1993;
Swofford, 2002). However, multiple researchers have found that inclusion of homoplastic
characters do provide phylogenetically relevant information (Dillman, Sidlauskas, & Vari, 2016;
Wild, Marsh, & Whitfield, 2013).
25

To identify major drivers of the strict consensus of the full dataset (Figure 1), the strict
consensus phylogeny was compared to phylogenies constructed based on CI values for
individual characters. Subsets of data were compiled using one of the following: only
homologous characters, only homoplastic characters, or a mixture of homoplastic and
homologous characters. If the phylogeny resulting from prefectly homlogous characters is
statistically similar to the strict consensus phylogeny when using all characters, then this
demonstrates that the homologous characters are in large part driving the formation of the final
topology. If the quality of homoplastic characters is a greater driver in the formation of the final
topology, then matrices of characters with lower CI values would be expected to recover
increasingly dissimilar topologies relative to the final topology. However, if the quantity of
homoplastic characters is more impactful on the final topology then increasing numbers of
characters would be expected to recover topologies with increasing statistical similarity relative
to the final topology.
With the exception of the dataset using only homoplastic characters, all other
configurations of characters produced suboptimal topologies relative to the strict consensus
topology using all characters. All topology test comparisons (Kishino-Hasegawa, Templeton,
and Winning-site) yielded statistically significant differences (<0.05 = p-value) between any of
the other subsampled topologies when compared to the strict consensus topology using all
characters. This also included the topology resulting from using only homologous characters.
However, when perfectly homologous characters were removed monophyly improved for
many groups. Notably Protanisoptera was recovered as monophyletic which was not found in
other subsets of data. Cephalozygoptera was recovered as a pectinate assemblage sister to the
Zygoptera for the first time rather than as a monophyletic group nested within. Libelluloidea
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fossils Sloveniatrum and Mesocordulia were recovered nested among other members of the
superfamily which differed from all other analyses. Calopterygoidea and Coenagrionoidea were
each recovered as monophyletic groups and sister to each other which is in line with molecular
results (Bybee et al., 2008; Dijkstra, Kalkman, Dow, Stokvis, & Van Tol, 2014). These
relationships were not observed in any other analyses. Removal of perfectly homologous
characters is the most likely cause for this outcome. Defining morphological characters as
homologous or homoplastic is subjective to several factors (i.e. missing data, taxon sampling,
character selection). It is possible that by optimizing the perfectly homologous characters during
phylogenetic reconstruction when all characters are present in an analysis other characters are
rendered homoplastic.
To take a closer look at this we explored overall CI and retention index (RI) values in
PAUP (Swofford, 2002) for the total dataset and the re-analyzed dataset when perfectly
homologous characters were excluded (Table 5). When analyzing total CI and RI for both
datasets they are similar yet found higher overall in the total dataset (both CI and RI were higher
than the same values for the CI<1 dataset by 0.0075 each). These results might lead one to
conclude that there are only minor differences in terms of overall CI and RI values between the
two datasets, with the full dataset being found superior to the other. When we instead investigate
the distribution of CI values for individual characters we find a different pattern emerge. Using
average CI scores we find that when perfectly homologous characters are not considered average
CI scores improved slightly in the CI<1 dataset (an improvement of 0.005 on average). While no
new perfectly homologous characters were recovered from the CI<1 datasets, characters were
reported, on average, as less homoplastic based on the generated topology.
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Table 5. Changes in consistency index (CI) values between the full matrix and the CI<1 dataset
with counts of characters shown in ranges. Average CI across all characters as well as the
average CI using characters present in both datasets are also reported.
Dataset
CI value
Av. of Av. of same
all
char. char. only
0-0.1 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.7
Full Matrix 162
76
58
27
7
30
4
0.267
0.171
CI < 1
169
68
57
23
5
35
7
0.176
0.176
Based on the statistical results of the topology tests, comparing the subset CI<1 topology
to the strict consensus topology using all characters, we may conclude that only homoplastic
characters were the driving force largely responsible for the formation of the topology of the full
matrix. While true, when analyzing homoplastic characters alone we only eliminate 48 characters
(10.4% of the total dataset) from reconstruction. We therefore are investigating a majority of data
present from the original full matrix and thus conclude that the subset consensus topology was
not statistically different from the full matrix. When we instead consider all other subsets of
characters (Table 2) using portions of the total number of characters (ranging from 48-392
characters), no single subset of characters was significantly similar to the topology of the original
full matrix. We find that homoplastic characters among fossils and extant taxa can contribute in
significant ways to phylogenetic resolution. Further, classification of characters as homoplastic
or homologous is contextual to a number of factors inherent from the compilation of
morphological datasets. Homoplasy in our dataset might be overestimated due to several of the
following factors: vast amounts of missing data, character choice, as well as taxon sample size
and choice.
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Nodal Support
Our topology suffered from an overall lack of acceptable nodal support. This was not
unexpected due the amount of missing and homoplastic data (see above). In particular, a high
degree of homoplasy is found in the full data matrix (consistency index = 0.050; retention index
= 0.355). Nodal support did not improve among the phylogenetic reconstructions in any of the
aforementioned subsets of data. Notable exemptions include the Ex-NITRA datasets with 15 to
40% missing data allowed per taxon where fossil taxa are near or completely removed from the
analysis. Further, the lack of nodal support stymied a systematic discussion of the composition of
higher taxonomic groups of interest. The low values made it hard to justify such a discussion
without significant nodal support. This does not necessarily preclude our results from having
utility, but merely that any inference on revisions for any of the taxonomic groups explored or
the utility of the characters used as synapomorphies would be premature.

Exploratory Nonrandom Incremental Removal of Taxa (Ex-NITRA)
The objective of the Ex-NITRA was to assess the phylogenetic resiliency (i.e.,
monophyly) between subsets of data. Due to the low overall nodal support, indeed sometimes
nonexistent support, recovered from our analyses this was accomplished without reliance on
nodal support. Monophyly is documented for the taxonomic groups of interest using present,
absence, and quantity of monophyletic clades. Number of monophyletic clades for a taxonomic
group greater than one indicates paraphyly (specific instances of two monophyletic clades) or
polyphyly (all other cases of two or more monophyletic clades). Cases of polyphyly highlight the
sensitivity the higher taxonomic groups of interest actually were to missing data. While no
definitive measure is taken here overall trends are diagnosable by the degree of non monophyly
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(Table 3). Our attempts to reconstruct the phylogeny of Odonatoptera in Ex-NITRA
demonstrates how reproducible the higher taxonomic groups of interest actually were. We
present a simple discussion of these groups below.
Meganisoptera was consistently recovered as a monophyletic clade as sister to all other
taxonomic groups of interest. Protanisoptera was not recovered as a monophyletic group in any
Ex-NITRA subsets (Table 3). Protanisopteran were recovered as a pectinate assemblage sister to
all remaining taxonomic groups of interest. Triadophlebiomorpha was consistently recovered as
nested within Odonata (Table 3). Protozygopterans Kennedya and Luiseia were consistently
recovered as monophyletic and sister to Odonata (Table 3).
Odonata was recovered as a monophyletic clade (Table 3) with representatives of
Triadophlebiomopha and Protozygoptera found nested within the order.
Anisozygoptera had Epiophlebia species recovered as monophyletic in all topologies and sister
to both Anisoptera and Zygoptera (65-90%; Table 3). When Tarsophlebiidae was used as the
outgroup (40-60%; Table 3) Anisozygoptera was most often recovered as sister to Zygoptera.
Cephalozygoptera was consistently recovered as a monophyletic clade nested within Zygoptera
(Table 3).
Anisoptera was typically recovered as a monophyletic group but was occasionally
rendered paraphyletic with Zygoptera nesting within the suborder (70 & 80%; Table 3) (see
above). Aeshnoidea was recovered as sister to Cordulegastroidea or as sister to the rest of
Anisoptera. Cordulegastroidea was recovered in a variety of positions, with Aeshnoidea or
Libelluloidea as its sister group being most common. Extant Gomphoidea and Petaluroidea were
largely recovered as sister groups to each other. However, clades of fossils Gomphoidea and
Petaluroidea were occasionally located elsewhere within Anisoptera, thus rendering these
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superfamilies as paraphyletic groups. Libelluloidea was consistently recovered as a
monophyletic group and was recovered in a variety of positions (i.e. sister to Gomphoidea +
Petaluroidea, sister to Aeshnoidea + Cordulegastroidea, sister to all other superfamilies in
Anisoptera) (Figure 1 & Table 3).
Zygoptera was found as a monophyletic group in all topologies (Table 3). Superfamilies
of this suborder are unstable and are recovered as monophyletic, paraphyletic, or polyphyletic
groups depending on the Ex-NITRA subset. Calopterygoidea specifically has historically been
challenging to recover as a monophyletic group in phylogenetic reconstructions using either
morphological or molecular datasets (Bybee, 2008; Dijkstra et al., 2014) and was typically
recovered as a polyphyletic group which were either sister to all other superfamilies of Zygoptera
or all other superfamilies of Zygoptera plus Cephalozygoptera. Lestoidea was typically
recovered as a paraphyletic group with fossil Hemiphlebiidae forming one clade and a second
composed of extant representatives. The fossil clade of Lestoidea was typically recovered as
sister to a clade of fossil Coenagrionoidea. The extant clade of Lestoidea was recovered
consistently as sister to the rest of Coenagrionoidae. Coenagrionoidea was recovered both a
monophyletic and paraphyletic group. When fossil Lestoidea were present they were found
nested within Coenagrionoidea. Otherwise Coenagrionoidea was recovered as a monophyletic
group sister to Lestoidea.

Systematics
Our attempts to reconstruct the phylogeny of Odonatoptera were challenged by the issues
outlined above. However, due to the extent of our analyses using different subsets of the overall
dataset, we can discuss broad trends. We present a simple discussion of each group below.
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Meganisoptera is recovered as a monophyletic group, with the exception of Gallotupus,
with low bootstrap and Bremer support values (5 and 2.319 respectively) as sister to all other
taxonomic groups of interest. This is where it should be relative to all other groups of interest
(Fleck et al., 2004). Protanisoptera was recovered as a pectinate assemblage sister to all
remaining taxonomic groups of interest. Triadophlebiomorpha is recovered as a nonmonophyletic group nested within Odonata. Protozygopterans Kennedya and Luiseia were
recovered as monophyletic and sister to Odonata with low bootstrap and Bremer support values
(41 and 2.187 respectively). All other protozygopterans were found nested within Odonata.
Odonata is recovered with multiple inclusions from other taxonomic groups (i.e.
Triadophlebiomorpha, protozygopteran representatives, Tarsophlebiidae) and as sister to
protozygopterans Kennedya + Luiseia without any nodal support. Anisozygopteran Epiophlebia
species were one of the few nodes with high nodal support (100 and 3.793 respectively) and
recovered as sister to Zygoptera. Cephalozygoptera is recovered as a single monophyletic group
nested within Zygoptera without any nodal support values reported.
Anisoptera is recovered as a single monophyletic group without any nodal support values
reported. The family Aeshnidae within Aeshnoidea is recovered as a single monophyletic group,
with the exception of fossils Baissaeshna and Huncoaeshna, with low bootstrap and Bremer
support values (30 and 3.101 respectively) and was found sister to Cordulegastroidea.
Cordulegastroidea is recovered as a single monophyletic group with only a low bootstrap
reported (13). Extant Gomphoidea are recovered as a single monophyletic group with only a low
bootstrap reported (34) as sister to extant Petaluroidea. Extant Petaluroidea was one of the few
nodes recovered as both monophyletic and descent support with bootstrap and moderate Bremer
support values (73 and 2.359 respectively). Fossil Gomphoidea and Petaluroidea were recovered
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nested among other fossil anisopterans. Libelluloidea is recovered as a monophyletic group
without any nodal support values reported. Fossil representatives Sloveniatrum and
Mesocordulia are thought to be members of Libelluloidea but were not recovered with other
members of this superfamily but were recovered nested among other fossil anisopterans.
Zygoptera is recovered paraphyletic with multiple inclusions from other taxonomic
groups (i.e. triadophlebiomorphan and protozygopteran representatives, Cephalozygoptera) but is
sister to Anisozygopteraptera with no nodal support values reported. Calopterygoidea is
recovered as a polyphyletic group in a pectinate assemblage and is sister to Lestoidea and
Coenagrionoidae with no nodal support reported. Lestoidea and Coenagrionoidea are both
rendered paraphyletic groups by the other superfamily. Extant members of Lestoidea and
Coenagrionoidea are found in a pectinate assemblage and as sister to all other fossil members of
the same superfamilies with no nodal support reported.
CONCLUSION
Missing data and homoplasy are real challenges for any phylogenetic reconstruction. Our
attempts to address these challenges have been dynamic and different. While typical nodal
support structures did not allow adequate inquiry about the taxonomic groups of interest they are
reported. It is too early to say that the investigated higher taxonomic groups of interest should be
restructured or revised in any way. Neither can we state the utility of the characters used for
phylogenetic reconstruction.
The Ex-NITRA analyses implemented here have the potential in future developments to
act as an additional tool for taxonomic stability relative to the amounts of missing data associated
with taxonomic sampling. Additional work should be done to diagnose the utility of Ex-NITRA
in both simulated and additional exemplar datasets.
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APPENDIX
Appendix A-AA. Bar graphs showing the percentage of missing data for each character by
anatomical system (A-AA). Anatomical systems are as in Table 1. Each bar shown in each graph
represents a single character.
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Appendix 1. Taxa in taxon sampling. 347 taxa representing both extant and fossil
representatives were incorporated into our full dataset. For each taxon, its high level relationship,
subordinal status within Odonata, superfamily, family, and species are provided. Higher level
relationships indicating orders and suborders within Odonatoptera excluding suborders within
Odonata.
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Pentathemis sp
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Brachydiplax denticauda
Brachythemis contaminata
Libellula sp
Lithemis lejeunecarpentieri
Macrodiplax cora
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Nannophlebia alexia
Nannophya australis
Oligocaemia imperfecta
Orthetrum sp
Palaeotramea aquisextana
Paleotauriphila marquesi
Pantala flavescens
Pisaurum coloratum
Protopaltothemis hageni
Rhyothemis graphiptera
Rialla villosa
Sloveniatrum robici
Sympetrum corruptum
Tauriphila cerestensis
Tramea eldryale
Trameobasileus moguntiacus
Zygonyx flavicosta
Epophthalmia elegans
Macromia illinoiensis
Phyllomacromia herrei
Austrocordulia refracta
Choristhemis flavoteiminata
Cordulephya pygmaea
Eusynthemis nigro
Gomphomacromia paradoxa
Palaeosynthemis primigenia
Parasynthemis regina
Aeschnogomphus buchi
Aktassia sp
Pseudocymatophlebia hennigi
Sinaktassia tangi
Cratopetalura petruleviciusi
Petalura gigantea
Phenes raptor
Tanypteryx hageni
Austroprotolindenia jurassica
Protolindenia sp
Cymatophlebiella euryptera
Jujusia maizgorda
Kazakhophlebiella aktassica
Sinocymatophlebiella hasticercus
Telmaeshna paradoxica
Araripechlorogomphus muratai
Cratocordulia borschukewitzi
Rencordulia sinica
Araripephlebia mirabilis
Burmaeshna azari
Cratopetalia whiteheadi
Hoyaeshna cretacica
Libellulium sp
Valdaeshna surreyensis
Daohugoulibellula lini
Enigmaeshna deprei
Eocordulia cretacea
Eumorbaeschna jurassica
Gallophlebia magnifica
Alloaeschna sp
Anglogomphaeschna eocenica
Anomalaeschna berndschusteri
Elektrogomphaeschna sp
Gomphaeschnaoides sp
Oligaeschna jungi
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Calopterygoidea

Gomphaeschnidae
Gomphaeschnidae
Gomphaeschnidae
Gomphaeschnidae
Hageniidae
Henrotayiidae
Juracorduliidae
Juracorduliidae
Juragomphidae
Juralibellulidae
Liupanshaniidae
Magnathemidae
Megaphlebiidae
Mesochlorogomphidae
Mesochlorogomphidae
Nannogomphidae
Nodalulaidae
Paracymatophlebiidae
Progobiaeshnidae
Prohemeroscopidae
Proterogomphidae
Proterogomphidae
Proterogomphidae
Proterogomphidae
Proterogomphidae
Rudiaeschnidae
Urolibellulidae
Valdicorduliidae
Burmaphlebiidae
Epiophlebiidae
Epiophlebiidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Dysagrionidae
Sieblosiidae
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Bolcathoridae
Chlorocyphidae
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Chlorocyphidae
Dicteridadidae
Epallagidae
Epallagidae
Epallagidae
Euphaeidae
Euphaeidae
Euphaeidae
Euphaeidae

Paramorbaeschna araripensis
Plesigomphaeschnaoides sp
Progomphaeschnaoides ursulae
Sinojagoria imperfecta
Cratohagenius erichweberi
Henrotayia marci
Austrolibellula noroestenia
Juracordulia schiemenzi
Juragomphus karatauensis
Juralibellula ningchengensis
Galloliupanshania incompleta
Magnathemis marcusthorhalli
Megaphlebia rayandressi
Hispanochlorogomphus rossi
Mesochlorogomphus crabbi
Sinahemeroscopus magnificus
Nodalula dalinghensis
Linqibinia panae
Decoraeshna preciosa
Prohemeroscopus jurassicus
Cordulagomphus sp
Cratogomphus erraticus
Liaoninglanthus latus
Paracordulagomphus aberrans
Pauciphlebia novaolindense
Fuxiaeschna hsiufunia
Urolibellula eocenica
Valdicordulia wellsorum
Burmaphlebia reifi
Epiophlebia laidlawi
Epiophlebia superstes
Congqingia rhora
Dysagrion sp
Dysagrionites delinei
Electrophenacolestes serafini
Furagrion jutlandicus
Okanagrion sp
Okanopteryx sp
Petrolestes sp
Phenacolestes mirandusparallelus
Primorilestes sp
Stenodiafanus westersidei
Germanostenolestes lutzi
Miostenolestes zherikhini
Paraoligolestes sp
Parastenolestes oligocnenicus
Sieblosia jucunda
Stenolestes sp
Whetwhetaksa millerae
Bolcathore colorata
Chlorocypha cordasevae
Heliocypha biseriata
Libellago semiopaca
Rhinocypha tinca
Heliocharis amazona
Elektroeuphaea flecki
Labandeiraia sp
Solveigia wittecki
Bayadera brevicauda
Eodichroma mirifica
Euphaea ochracea
Republica weatbrooki

48

Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata

Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera

Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Calopterygoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Coenagrionoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea

Latibasaliidae
Lestoideidae
Lestoideidae
Megapodagrionidae
Megapodagrionidae
Megapodagrionidae
Megapodagrionidae
Philogangidae
Polythoridae
Polythoridae
Polythoridae
Pseudolestidae
Zacallitidae
Burmacoenagrionidae
Burmacoenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Coenagrionidae
Isostictidae
Isostictidae
Isostictidae
Isostictidae
Isostictidae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Platycnemididae
Protoneuridae
Protoneuridae
?
?
Austroperilestidae
Cretacoenagrionidae
Hemiphlebiidae
Hemiphlebiidae
Hemiphlebiidae
Hemiphlebiidae
Hemiphlebiidae
Lestidae
Lestidae
Lestidae
Lestidae
Lestidae
Lestidae
Perilestidae

Latibasalia sp
Diphlebia coerulescens
Lestoidea conjuncta
Electropodagrion szwedoi
Hanklitia hankliti
Lithagrion hyalinum
Teinopodagrion meridionale
Philoganga vetusta
Euthore fasciata
Miocora aurea
Polythore piocena
Pseudolestes mirabilis
Zacallites balli
Burmacoenagrion pretiosus
Electrocoenagrion sp
Agriocnemis pygmaea
Argia nahuana
Cyanallagma sp
Engallagma civile
Ischnura barberi
Ischnura velteni
Neoneura maria
Papuagrion occipitale
Protoneura capillaris
Pseudagrion aureofrons
Pyrrhosoma nymphula
Xanthocnemis tuanuii
Cnemisticta latilobata
Isosticta robustior
Labidiosticta vallisi
Neosticta fraseri
Rhadinosticta simplex
Coeliccia acco
Copera marginipes
Cretadisparoneura hongi
Elattoneura glauca
Mesocnemis singularis
Nososticta solida
Onychargia atrocyana
Palaeodisparoneura burmanica
Palaiargia sp
Platycnemis pennipes
Prodasineura croconota
Yijenplatycnemis huangi
Angloprotoneura eocenica
Eoprotoneura hyperstigma
Cretalestes martinae
Lutetialestes uniformis
Austroperilestes hunco
Cretacoenagrion alleni
Burmahemiphlebia zhangi
Electrohemiphlebia barucheli
Hemiphlebia mirabilis
Jordanhemiphlebia electronica
Thairia transbaikalica
Archilestes grandis
Austrolestes annulosus
Indolestes cyaneus
Lestes disjunctus
Orolestes octomaculatus
Sympecma annulata
Perissolestes remotus
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Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata

Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Zygoptera
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis

Lestoidea
Lestoidea
Lestoidea
Lestoidea
Lestoidea

Priscalestidae
Synlestidae
Synlestidae
Synlestidae
Synlestidae
?
?
?
?
?
?
?
Amphipterygidae
Argiolestidae
Argiolestidae
Argiolestidae
Argiolestidae
Argiolestidae
Calopterygidae
Calopterygidae
Calopterygidae
Calopterygidae
Calopterygidae
Calopterygidae
Calopterygidae
Calopterygidae
Devadattidae
Heteragrionidae
Heteragrionidae
Hypolestidae
Hypolestidae
Hypolestidae
Hypolestidae
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Mesomegaloprepidae
Pentaphlebiidae
Philogeniidae
Philosinidae
Philosinidae
Platystictidae
Protostictidae
Thaumatoneuridae
Thaumatoneuridae
Thaumatoneuridae
?
?
Aeschnidiidae
Aeschnidiidae
Archithemistidae

Priscalestes germanica
Chlorolestes umbratus
Inacayalestes aikunhuapi
Megalestes kurahashii
Synlestes weyersii
Balticoagrion paulyi
Burmadysagrion zhangi
Burmagrion marijanmatoki
Cretarchistigma sp
Electrodysagrion lini
Palaeodysagrion sp
Pamita hannahdaltonae
Amphipteryx agrioides
Austroargiolestes icteromelas
Caledagrioletes uniseries
Griseargiolestes olbesens
Nesolestes sp
Podolestes orientalis
Calopteryx andancensis
Calopteryx splendens
Hetaerina americana
Matrona basilaris
Neurobasis ianthinipennis
Ormenophlebia imperatrix
Sinocalopteryx shangyonensis
Vestalis apicalis
Devadatta podolestoides
Heteragrion majus
Oxystigma petiolatum
Anglohypolestes fasciata
Eohypolestes hooleyi
Hypolestes sp
Prohypolestes dauphinensis
Agriomorpha fusca
Agriomorpha xinglongensis
Rhipidolestes aculeatus
Amanipodagrion gilliesi
Dimeragrion percubitale
Heteropodagrion sanguinipes
Mesagrion leucorhinum
Mesopodagrion sp
Priscagrion kiautai
Sinocnemis sp
Protolestes fickei
Protolestes kerckhoffae
Tatocnemis malgassica
Sciotropis cyclanthorum
Mesomegaloprepus magnificus
Pentaphlebia mangana
Philogenia carillica
Philosina buchi
Rhinagrion sp
Mesosticta burmatica
Protosticta sanguinostigma
Euarchistigma atrophium
Paraphlebia sp
Thaumatoneura inopinata
Cyclothemis sp
Oryctothemis hageni
Angloaeschnidium sp
Linaeschnidium sinensis
Archithemis sp
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Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonata
Odonatoptera
Odonatoptera
Odonatoptera
Odonatoptera
Odonatoptera
Palaeoptera
Panodonata
Protanisoptera
Protanisoptera
Protanisoptera
Protanisoptera
Protanisoptera
Protozygoptera
Protozygoptera
Protozygoptera
Protozygoptera
Protozygoptera
Triadophlebioptera
Triadophlebioptera
Triadophlebioptera
Triadophlebioptera
Triadophlebioptera
Triadophlebioptera

Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis
Incertae sedis

Asiopteridae
Asiopteridae
Asiopteridae
Asiopteridae
Campterophlebiidae
Campterophlebiidae
Gondvanogomphidae
Heterophlebiidae
Isophlebiidae
Liadotypidae
Liassophlebiidae
Liassostenophlebiidae
Paragonophlebiidae
Parastenophlebiidae
Prostenophlebiidae
Pseudostenolestidae
Selenothemistidae
Selenothemistidae
Sphenophlebiidae
Stenophlebiidae
Stenophlebiidae
Thaumatoneuridae
Triassolestidae
Triassolestidae
?
?
Bechalidae
Campylopteridae
Lapeyriidae
?
Tarsophlebiidae
Callimokaltaniidae
Ditaxineuridae
Hemizygopteridae
Permaeschnidae
Polytaxineuridae
Bechlyidae
Kennedyidae
Lodeviidae
Luiseiidae
Permepallagidae
Paurophlebiidae
Permophlebiidae
Piroutetiidae
Sinotriadophlebiidae
Triadotypidae
Xamenophlebiidae

Asiopteron antiquum
Oreopterella paula
Oreopteron asiaticum
Turanopteron sp
Honghea xui
Hypsomelana sepulta
Gondvanogomphus bartheli
Heterophlebia buckmani
Parawalleria sp
Liadotypus relictus
Liassophlebia magnifica
Liassostenophlebia germanica
Paragonophlebia sp
Parastenophlebia casta
Prostenophlebia jurassica
Pseudostenolestes bechlyi
Caraphlebia antarctica
Turanothemis nodalis
Proeuthemis pritykinae
Cratostenophlebia schwickerti
Stenophlebia sp
Eodysagrion mikkelseni
Italophlebia gervasuttii
Triassolestodes asiaticus
Aseripterella sinensis
Sylphalula laliquei
Bechala sommeri
Campyloptera eatoni
Lapeyria magnifica
Severinula leopoldi
Tarsophlebia eximia
Callimokaltania martynovi
Ditaxineura anomalostigma
Hemizygopteron uralense
Permaeschna dolloi
Polytaxineura stanleyi
Bechlya ericrobinsoni
Kennedya mirabilis
Lodevia longialata
Luiseia breviata
Permepallage augustissima
Nonymophlebia venosa
Permophlebia uralica
Piroutetia liasina
Sinotriadophlebia lini
Reisia rieki
Xamenophlebia ornata
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Appendix 2. Characters in morphological dataset. 463 characters drawn from preexisting
phylogenetic studies and from personal observations were incorporated in our full dataset. For
each character, its number in the full dataset, its title, its alternate characters states, its number
from the original publication, citation for original publication are provided. Characters are
largely represented in sets grouped by 27 anatomical systems (Table 1) with the exception of the
continuous characters where each system is denoted by an additional field.
Char. No. Character Title and States

Character Original
No. from
publication
original
publication

Anatomical system
for continuous
characters

Continuous characters
1 Number of raptorial setae on moveable hook in naiad.

Naiad Head

2 Number of raptorial setae on labial palps in naiad.

Naiad Head

3 Number of raptorial setae on prementum in naiad.

Naiad Head

4 (FW) Number of Ax in C–ScP space.

1 (Archibald et al., in
press)

Wing: Leading Edge
[Pre-Nodus] (Other)

5 (HW) Number of Ax in C–ScP space.

2 (Archibald et al., in
press)

Wing: Leading Edge
[Pre-Nodus] (Other)

6 (FW) Number of Ax in ScP–RA space.

3 (Archibald et al., in
press)

Wing: Leading Edge
[Pre-Nodus] (Other)

7 (HW) Number of Ax in ScP–RA space.

Wing: Leading Edge
[Pre-Nodus] (Other)

8 (FW) Angle of nodal cv between C and ScP
compared to C towards base of wing.

4 (Archibald et al., in
press)

Wing: Nodus

9 (HW) Angle of nodal cv between C and ScP
compared to C towards base of wing.

5 (Archibald et al., in
press)

Wing: Nodus

10 (FW) Angle of nodal cv between ScP and RA
compared to C towards base of wing.

6 (Archibald et al., in
press)

Wing: Nodus

11 (HW) Angle of nodal cv between ScP and RA
compared to C towards base of wing.

7 (Archibald et al., in
press)

Wing: Nodus

12 (FW) Angle of sn to RA towards base of wing.

8 (Archibald et al., in
press)

Wing: Nodus

13 (HW) Angle of sn to RA towards base of wing.

9 (Archibald et al., in
press)

Wing: Nodus

14 (FW) Number of postnodal cv (in C–RA space
between n and pterostigma).

10 (Archibald et al., in
press)

Wing: Leading Edge
[Post-Nodus]

15 (HW) Number of postnodal cv (in C–RA space
between n and pterostigma).

Wing: Leading Edge
[Post-Nodus]

16 (FW) Number of cv in median space.

Wing:
Arculus/Discoidal
Wing Base

17 (HW) Number of cv in median space.

Wing:
Arculus/Discoidal
Wing Base

18 (HW) Number of cells in male anal triangle.

Wing: Anal
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19 (FW) Number of para-anal cells.
20 (HW) Number of para-anal cells.

Wing: Anal
11 (Archibald et al., in
press)

Wing: Anal

21 (HW) Number of cells in anal loop.

Wing: Anal

22 (HW) Number of "sole" cells in boot shaped anal
loop.

Wing: Anal

23 (FW) Number of cells in C–RA space pterostigma to
termination of RA.

12 (Archibald et al., in
press)

Wing: Wing Tip

24 (HW) Number of cells in C–RA space pterostigma to
termination of RA.

13 (Archibald et al., in
press)

Wing: Wing Tip

25 (FW) Number of cells between RP3-4 and MA at
wing margin.

14 (Archibald et al., in
press)

Wing: Wing Hind
Margin

26 (HW) Number of cells between RP3-4 and MA at
wing margin.

15 (Archibald et al., in
press)

Wing: Wing Hind
Margin

27 (FW) Number of cells between RP3-4 at wing
margin.

Wing: Wing Hind
Margin

28 (HW) Number of cells between RP3-4 at wing
margin.

Wing: Wing Hind
Margin

Discrete characters
Head
29 Shape of labial palp: (0) widest at base, tapering to
tip; (1) parallel-sided; (2) external edge greatly
expanded; (3) square.

2 (Rehn, 2003)

30 Movable hook of labial palp: (0) present; (1) absent.

10 (Rehn, 2003)

31 Premental cleft: (0) present; (1) absent.

3 (Rehn, 2003)

32 Premental cleft: (0) well developed, at least onequarter the length of entire prementum; (1) poorly
developed, no more than one-quarter the length of
entire prementum.

3 (Rehn, 2003)

33 Prementum: (0) bilobed; (1) not bilobed.

9 (Rehn, 2003)

34 Shape of clypeus: (0) rectangular, with anteclypeus
and postclypeus forming distinct anterior and dorsal
faces, respectively; (1) ﬂattened, with anteclypeus
tilted back and not distinct from dorsal facing
postclypeus; (2) greatly swollen and rounded into
prominent snout; (3) vertical, with anteclypeus and
postclypeus facing anteriorly.

1 (Rehn, 2003)

35 Shape of frons: (0) smoothly rounded in proﬁle; (1)
angulate; (2) ﬂattened; (3) grossly enlarged, forming
most of the head anterior to the eyes.

4 (Rehn, 2003)

36 Length of pedicel and scape: (0) pedicel larger than
scape; (1) pedicel smaller than scape; (2) equal in
length.

5 (Rehn, 2003)
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37 Shape of vertex: (0) ﬂat, not developed into large
protuberance; (1) conical, or developed into a large
transverse ridge.

13 (Rehn, 2003)

38 Shape of vertex: (0) transverse protuberance; (1)
small protuberance; (2) large transverse oriented
plate; (3) flat; (4) two protuberances or horn-like
structures; (5) conical.

12 (Blanke et al., 2013)

39 Ocelli: (0) present; (1) absent.

51 (Grimaldi, 2001)

40 Ocelli: (0) forming a close equilateral triangle on the
same plane; (1) not in equilateral triangle, or if so, not
close, not on the same plane.

16 (Fleck et al., 2004)

41 Ecdysial cleavage line: (0) well developed; (1)
partially developed; (2) absent.
42 Postfrontal suture: (0) present; (1) absent.
43 Postfrontal suture present: (0) partially developed; (1)
well developed.

6 (Rehn, 2003)
4(1) (Pessacq, 2008)
7 (Rehn, 2003)

44 Distinct elongate spots on occiput: (0) present; (1)
absent.

35 (Gassmann, 2005)

45 Antero-dorsal surface of the occiput: (0) flat; (1)
distinctly bulged.

40 (Nel et al., 1998)

46 Antero-dorsal surface of the occiput distinctly bulged
and with two posterior tubercles: (0) present; (1)
absent.

40 (Nel et al., 1998)

47 Eyes: (0) separated; (1) touching.

1(1) (Kalkman, 2006)

48 Distance between eyes: (0) less than their width; (1)
greater than their width; (2) none, touching.
49 Inner dorsal margins of eyes: (0) bent at a sharp angle
so that a single point marks the narrowest space
between them; (1) straight, so that no narrowest point
exists between them.
50 Posterior margin of eye: (0) not sinuate; (1) sinuate
(with a more or less pronounced tubercle).
51 Shape of head from the front: (0) globular; (1)
transversely elongate.
52 Head width: (0) not very wide, about twice as wide as
long; (1) very wide, about three times wide as long.

12 (Rehn, 2003)
8 (Rehn, 2003)

126 (Rehn, 2003)
11 (Rehn, 2003)
4(2) (Kalkman, 2006)

Thorax (Body)
53 Metallic color on thorax: (0) present; (1) absent.

3(2) (Kalkman, 2006)

54 Interpleural suture: (0) complete; (1) broken in the
middle with distinct upper and lower halves; (2)
upper portion of suture absent, and only a vestigial
remainder below the metathoracic spiracle.

86 (Rehn, 2003)

55 Obliquity of thorax: (0) not oblique; (1) oblique.

87 (Rehn, 2003)

Thorax (Legs)
56 Distinct coloration of tibiae in second and third pairs
of legs in male: (0) present; (1) absent.

113 (Rehn, 2003)

54

57 Elaborate dilation of tibiae in second and third pairs
of legs in males: (0) present; (1) absent.

113 (Rehn, 2003)

58 Tibial keel: (0) present; (1) absent.

125 (Rehn, 2003)

59 Tibial keel present: (0) on ﬁrst tibial keel; (1) on 2nd
or 3rd tibiae.

125 (Rehn, 2003)

Abdomen (Structural)
60 Metallic color on abdomen: (0) present; (1) absent.

3(2) (Kalkman, 2006)

61 Abdomen: (0) not triquetral; (1) triquetral.

134 (Rehn, 2003)

62 Auricles: (0) present; (1) absent.

116 (Rehn, 2003)

63 One or more ridge(s) near the base(s) of S2, S3 and
S4: (0) present; (1) absent.

8(9) (Kalkman, 2006)

64 Abdominal lateral carinae: (0) present; (1) absent.

124 (Rehn, 2003)

65 Dorsum of abdominal segment 10: (0) not developed
into pyramid-like carina; (1) developed into pyramidlike carina.

107 (Rehn, 2003)

66 Broad flaps on S8, 9: (0) present; (1) absent.

4(7) (Kalkman, 2006)

67 Broad flaps on S7, 8: (0) present; (1) absent.

1(7) (Kalkman, 2006)

68 Length of abdomen: (0) not greatly elongated for
oviposition in phytotelmata (tank bromeliads, water
ﬁlled tree holes, etc.); (1) abdomen extremely
elongated (total length at least 62 mm, but usually >
80 mm) as a modiﬁcation for oviposition in
phytotelmata.

105 (Rehn, 2003)

69 Relative length of abdomen and wings: (0) abdomen
distinctly longer than wings, or extending at least to
wingtips; (1) abdomen distinctly shorter than wings.

110 (Rehn, 2003)

Abdomen (Primary Genitalia)
70 Paraprocts: (0) simple, unmodiﬁed lobes projecting
from sternum of segment 10; (1) modiﬁed into
‘‘inferior appendages’’ for grasping females.

94 (Rehn, 2003)

71 Epiproct: (0) present; (1) absent.

93 (Rehn, 2003)

72 Epiproct grasping: (0) simple; (1) lobed.

93 (Rehn, 2003)

73 Epiproct shape: (0) spatulate; (1) grasping; (2) bifid.

93 (Rehn, 2003)

74 Length of cerci compared to paraprocts: (0) less than
three-fifths; (1) greater than three-fifths.

133 (Rehn, 2003)

Abdomen (Secondary Genitalia)
75 Ligula: (0) three-segmented, modiﬁed into penis; (1)
one-segmented, aids posterior hamules in sperm
transfer; (2) one-segmented, forms protective shield
over modiﬁed vesicle spermalis.

90 (Rehn, 2003)

76 Third segment of penis: (0) present; (1) vestigal or
absent.

88 (Rehn, 2003)

77 Third segment of penis present: (0) with two lateral
lobes only; (1) with two apical and two lateral lobes;
(2) ﬁlamentous; (3) with no lobes.

88 (Rehn, 2003)

78 Anterior hamules: (0) external; (1) internal.

89 (Rehn, 2003)
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79 Anterior hamules external, plate-like and: (0)
quadrate; (1) triangular.

89 (Rehn, 2003)

80 Anterior hamules internal and: (0) folded; (1) hooked;
(2) vestigial.

89 (Rehn, 2003)

81 Posterior hamules: (0) simple, blunt and small, not
projecting beyond rim of genital fossa; (1) large,
clearly projecting beyond rim of genital fossa, and
variously modiﬁed into claspers with claws, sharp tips
or folds; (2) posterior hamules grossly enlarged and
modiﬁed into intermittent organ.

92 (Rehn, 2003)

82 Vesicle spermalis: (0) unsegmented, unmodiﬁed
storage vesicle only; (1) segmented and modiﬁed into
the intermittent organ.

91 (Rehn, 2003)

83 Shape of seminal vesicle: (0) rounded laterally, and
anteriorly produced into two sclerotized tips
connected by desclerotized membrane; (1) laterally
produced into sharp expansions, anteriorly produced
into two sclerotized tips connected by desclerotized
membrane; (2) rounded laterally, anteriorly the two
sclerotized tips fuse into a single tip with no
membranous area.

106 (Rehn, 2003)

Naiad Head
84 Naiad prementum stalked at base: (0) present; (1)
absent.

103 (Rehn, 2003)

85 Naiad with raptorial setae on moveable hook: (0)
present; (1) absent.

102 (Rehn, 2003)

86 Naiaid with several long raptorial setae on labial
palps: (0) present; (1) absent.

101 (Rehn, 2003)

87 Naiad prementum: (0) without long raptorial setae;
(1) with many long raptorial setae; (2) with only two
weak setae on the median lobe.

100 (Rehn, 2003)

88 Naiad with small median cleft on mentum: (0)
present; (1) absent.

18(2) (Jarzembowski &
Nel, 1996)

89 Naiad prementum with cleft tooth on distal margin:
(0) present; (1) absent.

131 (Bybee et al., 2008)

90 Naiad labial mentum anterolateral margins: (0)
fringed with tiny teeth; (1) not toothed.

8(1) (Nesemann et al.,
2011)

91 Shape of naiad labium: (0) ﬂat; (1) mask-shaped and
covering much of face.
92 Naiad labial palps: (0) longer than broad, elongatequadrangular in shape; (1) broader than long,
triangular in shape.
93 Naiad labial palps distal margin: (0) without deep
cuts; (1) median cuts; (2) large cuts.
94 Naiad labial palps movable hook: (0) strong; (1) weak
or nearly obsolete.

99 (Rehn, 2003)
12(2) (Jarzembowski &
Nel, 1996)
130 (Bybee et al., 2008)
17(2) (Jarzembowski &
Nel, 1996)
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95 Naiad labial palps movable hooks length relative to
the external margin of palps: (0) long, more than twofold; (1) median, between 1.5 and two-fold; (2) short,
approximate.

9 (Carvalho, 2018)

96 Naiad labial palps with robust dorso-lateral spur
(palpal spine) which overlaps the base of the movable
hook: (0) present; (1) absent.

50 (Nel et al., 1998)

97 Naiad with spur of moveable hook present and: (0)
robust; (1) thin and setae-like.

94 (Blanke et al., 2013)

98 Naiad palpal lamina with angle between distal and
internal borders: (0) developed in a huge end hook,
larger than lamina width; (1) developed in a small end
hook, shorter than half of lamina width; (2) not
developed in a distinct end hook.
99 Number of naiad antennae segments: (0) seven; (1)
six; (2) five; (3) four.
100 Naiad antennal segment four very short or vestigial:
(0) present; (1) absent.
101 Length of naiad second antennal segment (pedicel):
(0) shorter than all other segments combined; (1)
longer than all other antennal segments combined.
102 Naiad first flagellum of antenna: (0) thinner than
pedicellus; (1) thicker or at least as thick as
pedicellus.

7 (Carvalho, 2018)

127 (Rehn, 2003)
91 (Blanke et al., 2013)
104 (Rehn, 2003)

90 (Blanke et al., 2013)

103 Naiad antenna: (0) third segment longer than second;
(1) third segment shorter than second.

9(1) (Nesemann et al.,
2011)

104 Naiad with small ‘horn’ between base of antenna: (0)
present; (1) absent.

4(2) (Nesemann et al.,
2011)

105 Naiad clypeus directed: (0) downward; (1) obliquely
forward.

1 (Carvalho, 2018)

106 Naiad dorso-lateral borders of occiput: (0) rounded;
(1) angled.

1 (Carvalho, 2018)

107 Naiad eyes positioned: (0) antero-laterally; (1)
laterally.

1 (Carvalho, 2018)

108 Naiad ventral eye margin: (0) with spines projecting;
(1) smooth.
109 Naiad cephalic capsule, dimensions: (0) wider than
long in dorsal view; (1) approximately as long as
wide in dorsal view.
110 Naiad head wider than thorax and abdomen: (0)
present; (1) absent.

109 (Rehn, 2003)
1 (Carvalho, 2018)

1-3 (Nesemann et al.,
2011)

Naiad Thorax (Body)
111 Naiad body: (0) elongate; (1) short and stout.

3(2) (Nesemann et al.,
2011)

112 Naiad body covered with bristles or tufts of setae: (0)
present; (1) absent.

3(2) (Nesemann et al.,
2011)

113 Naiad covered with tubercles: (0) present; (1) absent.

1-3 (Nesemann et al.,
2011)
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114 Naiad prothorax along lateral edges: (0) with
projections; (1) smooth.
115 Naiad with slight petiolation at the base of the wing
pad: (0) present; (1) absent.

1-3 (Nesemann et al.,
2011)

Naiad Thorax (Legs)
116 Number of segement in naiad mesotarsi: (0) three; (1)
two.

128 (Bybee et al., 2008)

117 Naiad hind leg length relative to abdomen: (0) at least
twice as long as abdomen; (1) longer than abdomen,
but less than twice as long; (2) as long as or shorter
than abdomen.

96 (Blanke et al., 2013)

118 Naiad hind leg length relative to the length of thorax
and head: (0) hind leg two or more times larger than
thorax and head; (1) hind leg less than two times
larger than thorax and head.
Naiad Abdomen (Structural)
119 Naiad abdomen: (0) depressed and more or less
circular in outline; (1) not markedly depressed or
circular in outline.

4(2) (Nesemann et al.,
2011)

120 Naiad with dorsal spines or hooks on abdominal
segments: (0) present; (1) absent.

100 (Blanke et al., 2013)

121 Naiad with paired, hairy, lateral tubercles on
abdominal segments: (0) absent; (1) tufts of stiff setae
present, but apparently no tubercles; (2) comprise
setal tufts which are supported by distinct abdominal
tubercles.

52 (Nel et al., 1998)

122 Naiad with lateral spines or lobes on segments five
through nine: (0) present; (1) absent.

97 (Blanke et al., 2013)

123 Naiad with lateral spines on segment nine: (0) shorter
than mid-dorsal length of segment nine; (1) at least as
long as segment nine.

132 (Rehn, 2003)

124 Naiad lateral abdominal gills: (0) present on segments
two through eight; (1) present on segments two
through seven; (2) absent.

95 (Rehn, 2003)

Naiad Abdomen (Primary Terminalia)
125 Naiad rectal gills: (0) present; (1) absent.

98 (Rehn, 2003)

126 Naiad caudal gills: (0) present; (1) present and
nodate; (2) absent.

97 (Rehn, 2003)

127 Naiad gill tufts: (0) present; (1) absent.

96 (Rehn, 2003)

128 Naiad caudal gills length: (0) long, approximately the
same length as abdomen; (1) shorter than the
abdomen.

9(1) (Nesemann et al.,
2011)

129 Naiad caudal gills shape: (0) two forceps-like (the
median gill is minute) which are triangular in cross
section; (1) three that are sac-, leaf-, or blade-like

1(1) (Nesemann et al.,
2011)

130 Naiad caudal saccoid gills with large conical
projections: (0) present; (1) absent.

114 (Rehn, 2003)
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131 Naiad caudal gills highly sclerotized: (0) present; (1)
absent.

121 (Rehn, 2003)

132 Naiad cerci length relative to epiproct: (0) distinctly
smaller; (1) similar.

13 (Carvalho, 2018)

133 Naiad cerci more than one-half as long as paraprocts:
(0) present; (1) absent.

5(2) (Nesemann et al.,
2011)

134 Naiad epiproct length relative to paraprocts: (1)
similar; (1) distinctly smaller.
135 Naiad abdomen terminating in five short stiff pointed
appendages with the three largest forming anal
pyramid: (0) present; (1) absent.

14 (Carvalho, 2018)
1-3 (Nesemann et al.,
2011)

Wing: Articulation
136 Length of costal basivenale (BxC): (0) as long, from
anterior to posterior margin, as the anterior platform;
(1) much shorter than the anterior platform.

14 (Rehn, 2003)

137 Shape of BxC: (0) triangular, widest anteriorly and
well sclerotized; (1) rectangular and partially
desclerotized in its anterior half; (2) triangular,
broadest posteriorly and well sclerotized throughout.

15 (Rehn, 2003)

138 Costal axalare (AxC): (0) separated from costal
fulcalare (FxC) by a sulcus or suture; (1) AxC fully
fused with FxC, suture absent.

16 (Rehn, 2003)

139 Large lobe on the outside edge of AxC: (0) present;
(1) absent.

17 (Rehn, 2003)

140 Anterior and posterior lobes of FxC: (0) subequal in
size; (1) posterior lobe of FxC distinctly smaller than
anterior lobe; (2) posterior lobe of FxC vestigial.

18 (Rehn, 2003)

141 Large, proximal horn-like sclerite on posterior
articular plate: (0) fully developed and greatly
enlarged; (1) well developed, but not greatly
enlarged; (2) not developed.

19 (Rehn, 2003)

142 Posterior articular plate: (0) with a single component
sclerite enlarged and distinct from the other sclerites
that comprise the plate; (1) this sclerite reduced and
fully fused with the other sclerites in the posterior
articular plate.

20 (Rehn, 2003)

143 Shape of anterior edge semidetached plate of the
scutum (SDP): (0) narrow and bluntly rounded; (1)
with a U-shaped invagination; (2) straight.

21 (Rehn, 2003)

144 Bulla on outer edge of SDP: (0) as large as edge of
basalare and heavily sclerotized; (1) distinctly smaller
than edge of basalare and not heavily sclerotized; (2)
absent.

22 (Rehn, 2003)

Wing: Leading Edge [Pre-Nodus] (Ax0)
145 (FW) A basal triangular sclerotized area between C
and ScA: (0) present; (1) absent.

1 (Huguet et al., 2002)

146 (HW) A basal triangular sclerotized area between C
and ScA: (0) present; (1) absent.

1 (Huguet et al., 2002)

147 (FW) Ax0: (0) present; (1) absent.
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148 (HW) Ax0: (0) present; (1) absent.
149 (FW) Secondary aa basal of Ax0: (0) present; (1)
absent.

39 (Huguet et al., 2002)

150 (HW) Secondary aa basal of Ax0: (0) present; (1)
absent.

39 (Huguet et al., 2002)

151 (FW) Ax0 is prolonged by a cross-vein between ScP
and RA: (0) present; (1) absent.

4 (Huguet et al., 2002)

152 (HW) Ax0 is prolonged by a cross-vein between ScP
and RA: (0) present; (1) absent.

4 (Huguet et al., 2002)

153 (FW) Ax0 between C and ScP: (0) oblique; (1) not so
oblique.

3 (Huguet et al., 2002)

154 (HW) Ax0 between C and ScP: (0) oblique; (1) not so
oblique.

3 (Huguet et al., 2002)

Wing: Leading Edge [Pre-Nodus] (Ax2)
155 (FW) Ax2 position: (0) well basal of discoidal
triangle; (1) just basal or opposite of proximal angle
of proximal side of discoidal triangle; (2) just basal of
MAb or opposite it; (3) beyond discoidal vein.

72 (Fleck & Nel, 2003)

156 (HW) Ax2 position: (0) well basal of discoidal
triangle; (1) just basal or opposite of proximal angle
of proximal side of discoidal triangle; (2) just basal of
MAb or opposite it; (3) beyond discoidal vein.

72 (Fleck & Nel, 2003)

157 (FW) Ax2: (0) as strong as Ax1; (1) weaker than
Ax1.

113 (Fleck & Nel, 2003)

158 (HW) Ax2: (0) as strong as Ax1; (1) weaker than
Ax1.

113 (Fleck & Nel, 2003)

159 (FW) Angle of Ax2 in degrees between C and
RA+RP compared to C towards base of wing:
(0) >85; (1) 50-85; (2) <50.
160 (HW) Angle of Ax2 in degrees between C and
RA+RP compared to C towards base of wing:
(0) >85; (1) 50-85; (2) <50.
Wing: Leading Edge [Pre-Nodus] (Other)
161 (FW) Primary Ax: (0) two present; (1) one present;
(2) absent.

24 (Rehn, 2003)

162 (HW) Primary Ax: (0) two present; (1) one present;
(2) absent.

24 (Rehn, 2003)

163 (FW) Secondary aa: (0) all distinctly thinner than
primary antenodal cv; (1) more than half are as thick
as primary cv; (2) all as thick as the primary cv.

28(1) (Jarzembowski &
Nel, 1996)

164 (HW) Secondary aa: (0) all distinctly thinner than
primary antenodal cv; (1) more than half are as thick
as primary cv; (2) all as thick as the primary cv.

28(1) (Jarzembowski &
Nel, 1996)

165 (FW) Antenodal cv (Ax): (0) many (at least ﬁve, but
usually ten or more) present in C–Sc space and Sc–R
space; (1) many present in C–Sc space only; (2) only
two in C–Sc space and Sc–R space.

23 (Rehn, 2003)
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166 (HW) Antenodal cv (Ax): (0) many (at least ﬁve, but
usually ten or more) present in C–Sc space and Sc–R
space; (1) many present in C–Sc space only; (2) only
two in C–Sc space and Sc–R space.

23 (Rehn, 2003)

167 (FW) cv in the C–RA space between Ax1 and Ax2:
(0) present; (1) absent.

11(2) (Nel et al., 1996)

168 (HW) cv in the C–RA space between Ax1 and Ax2:
(0) present; (1) absent.

11(2) (Nel et al., 1996)

169 (FW) cv in the C–RA space between Ax1 and Ax2
present and: (0) complete; (1) incomplete.

11(2) (Nel et al., 1996)

170 (HW) cv in the C–RA space between Ax1 and Ax2
present and: (0) complete; (1) incomplete.

11(2) (Nel et al., 1996)

171 Antenodal cv: (0) more in forewing than hind wing
(by two or more); (1) or almost as numerous in
forewing as hind wing (one more or less); (2) more in
the hind wing than forewing (by two or more).

10 (Jarzembowski &
Nel, 1996)

172 (FW) Antenodal cv (Ax): (0) unaligned; (1) aligned.

23 (Rehn, 2003)

173 (HW) Antenodal cv (Ax): (0) unaligned; (1) aligned.

23 (Rehn, 2003)

174 (FW) Single antenodal in posterior ScP+RA aligned
with single cv in RA–RP antenodal space: (0) present;
(1) absent.

137 (Bybee, 2008)

175 (HW) Single antenodal in posterior ScP+RA aligned
with single cv in RA–RP antenodal space: (0) present;
(1) absent.

137 (Bybee, 2008)

176 (FW) Secondary (accessory) antenodal and
antesubnodal cv: (0) not aligned (0%); (1) more or
less aligned (1–50%); (2) nearly all aligned (50–
99%); (3) all aligned (100%).

4 (Bechly et al., 1998)

177 (HW) Secondary (accessory) antenodal and
antesubnodal cv: (0) not aligned (0%); (1) more or
less aligned (1–50%); (2) nearly all aligned (50–
99%); (3) all aligned (100%).

4 (Bechly et al., 1998)

178 (FW) Distal Ax: (0) continuous; (1) discontinuous
(not extending beyond ScP).

1 (Pilgrim & Von
Dohlen, 2008)

179 (HW) Distal Ax: (0) continuous; (1) discontinuous
(not extending beyond ScP).

1 (Pilgrim & Von
Dohlen, 2008)

180 (FW) Number of rows between Ax0 and Ax1 in the
C–ScP space: (0) one; (1) two.

114 (Fleck & Nel, 2003)

181 (HW) Number of rows between Ax0 and Ax1 in the
C–ScP space: (0) one; (1) two.

114 (Fleck & Nel, 2003)

182 (FW) Number of rows present between Ax1 and Ax2
in the C–ScP space: (0) one; (1) two; (2) three; (3)
more than three.

115 (Fleck & Nel, 2003)

183 (HW) Number of rows present between Ax1 and Ax2
in the C–ScP space: (0) one; (1) two; (2) three; (3)
more than three.

115 (Fleck & Nel, 2003)

184 (FW) Rows of cells between Ax2 and n (in C–ScP
space): (0) one; (1) two; (2) three

116 (Fleck & Nel, 2003)
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185 (HW) Rows of cells between Ax2 and n (in C–ScP
space): (0) one; (1) two; (2) three

116 (Fleck & Nel, 2003)

Wing: Nodus
186 (FW) Position of n: (0) located beyond the middle of
the wing; (1) located at one-third to one-half wing
length; (2) located at one-quarter to one-third wing
length; (3) located at less than one-quarter wing
length.

70 (Rehn, 2003)

187 (HW) Position of n: (0) located beyond the middle of
the wing; (1) located at one-third to one-half wing
length; (2) located at one-quarter to one-third wing
length; (3) located at less than one-quarter wing
length.

70 (Rehn, 2003)

188 (FW) Antenodal area: (0) not shorter than postnodal
area (+100%); (1) slightly shorter (80-99%); (2)
distinctly shorter (<80%).

5 (Nel et al., 1998)

189 (HW) Antenodal area: (0) not shorter than postnodal
area (+100%); (1) slightly shorter (80-99%); (2)
distinctly shorter (<80%).

5 (Nel et al., 1998)

190 (FW) Costal nodal kink: (0) present; (1) absent.

71 (Rehn, 2003)

191 (HW) Costal nodal kink: (0) present; (1) absent.

71 (Rehn, 2003)

192 (FW) Primary and secondary braces of n (n cv and
sn): (0) present; (1) absent.

33 (Rehn, 2003)

193 (HW) Primary and secondary braces of n (n cv and
sn): (0) present; (1) absent.

33 (Rehn, 2003)

194 (FW) Primary and secondary braces of n (n cv and
sn): (0) not aligned; (1) aligned.

33 (Rehn, 2003)

195 (HW) Primary and secondary braces of n (n cv and
sn): (0) not aligned; (1) aligned.

33 (Rehn, 2003)

196 (FW) Nodal cv: (0) short; (1) longer; (2) very long.

14 (Fleck et al., 2003)

197 (HW) Nodal cv: (0) short; (1) longer; (2) very long.

14 (Fleck et al., 2003)

198 (FW) Nodal cv covering more than two cells below it,
between RA and RP: (0) present; (1) absent.

14 (Fleck et al., 2003)

199 (HW) Nodal cv covering more than two cells below
it, between RA and RP: (0) present; (1) absent.

14 (Fleck et al., 2003)

200 (FW) Nodal cv with more than two postnodal veins
reaching it: (0) present; (1) absent.

14 (Fleck et al., 2003)

201 (HW) Nodal cv with more than two postnodal veins
reaching it: (0) present; (1) absent.

14 (Fleck et al., 2003)

202 (FW) sn with one or more cv reaching it: (0) present;
(1) absent.

21 (Fleck et al., 2003)

203 (HW) sn with one or more cv reaching it: (0) present;
(1) absent.

21 (Fleck et al., 2003)

204 (FW) Junction of C and ScP: (0) clearly acute; (1)
ScP turned forward to meet C; (2) ScP turned sharply
forward to meet C at nearly a right angle.

32 (Rehn, 2003)
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205 (HW) Junction of C and ScP: (0) clearly acute; (1)
ScP turned forward to meet C; (2) ScP turned sharply
forward to meet C at nearly a right angle.

32 (Rehn, 2003)

206 (FW) Angle of nodal cv between C and ScP
compared to C towards base of wing: (0) <40°; (1)
40°–60°; (2) 60°–85°; (3) 85°–95°; (4) >95°.

12 (Fleck et al., 2003)

207 (HW) Angle of nodal cv between C and ScP
compared to C towards base of wing: (0) <40°; (1)
40°–60°; (2) 60°–85°; (3) 85°–95°; (4) >95°.

12 (Fleck et al., 2003)

208 (FW) Angle of nodal cv between ScP and RA
compared to C towards base of wing: (0) <85°; (1)
85°–95°; (2) 95°–120°; (3) 120°–140°; (4) >140°.

12 (Fleck et al., 2003)

209 (HW) Angle of nodal cv between ScP and RA
compared to C towards base of wing: (0) <85°; (1)
85°–95°; (2) 95°–120°; (3) 120°–140°; (4) >140°.

12 (Fleck et al., 2003)

210 (FW) Angle of nodal sn compared to C towards base
of wing: (0) <85°; (1) 85°-95°; (2) 95°-120°; (3)
120°-140°; (4) >140°.

12 (Fleck et al., 2003)

211 (HW) Angle of nodal sn compared to C towards base
of wing: (0) <85°; (1) 85°-95°; (2) 95°-120°; (3)
120°-140°; (4) >140°.

12 (Fleck et al., 2003)

Wing: Leading Edge [Post-Nodus]
212 (FW) Postnodal cv between C–RA: (0) present; (1)
absent.

25 (Huguet et al, 2002)

213 (HW) Postnodal cv between C–RA: (0) present; (1)
absent.

25 (Huguet et al, 2002)

214 (FW) Postnodal cv between RA–RP1: (0) present; (1)
absent.

27 (Huguet et al, 2002)

215 (HW) Postnodal cv between RA–RP1: (0) present; (1)
absent.

27 (Huguet et al, 2002)

216 (FW) Number of postnodal Ax between C–RA until
pterostigma: (0) <5; (1) 5–9; (2) 10–14; (3) 15–19;
(4) >19.

55 (Archibald et al., in
press)

217 (HW) Number of postnodal Ax between C–RA until
pterostigma: (0) <5; (1) 5–9; (2) 10–14; (3) 15–19;
(4) >19.
218 (FW) First postnodal cv oblique: (0) present; (1)
absent.

306 (Bybee, 2008)

219 (HW) First postnodal cv oblique: (0) present; (1)
absent.

306 (Bybee, 2008)

220 (FW) Postnodal cv in C–RA and RA–RP spaces: (0)
none aligned; (1) at least one aligned.
221 (HW) Postnodal cv in C–RA and RA–RP spaces: (0)
none aligned; (1) at least one aligned.
222 (FW) Postnodal cv: (0) aligned in C–RA and RA–RP
spaces only; (1) aligned in a transverse series
(running across; at right angles to longitudinal axis) to
beyond IR2.

34 (Rehn, 2003)
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223 (HW) Postnodal cv: (0) aligned in C–RA and RA–RP
spaces only; (1) aligned in a transverse series
(running across; at right angles to longitudinal axis) to
beyond IR2.

34 (Rehn, 2003)

224 (FW) Proportion of aligned postnodal cv in C–RA
and RA–RP spaces: (0) 0%; (1) 1-25%; (2) 26-50%;
(3) 51-75%; (4) 76-100%.

57 (Archibald et al., in
press)

225 (HW) Proportion of aligned postnodal cv in C–RA
and RA–RP spaces: (0) 0%; (1) 1-25%; (2) 26-50%;
(3) 51-75%; (4) 76-100%.
226 (FW) Between RA and RP1 and distal of the n, the
corresponding transverse veins: (0) are present,
opposite the corresponding postnodal cv; (1) to one or
two first postnodal cv are absent; (2) to the three to
five first postnodal cv are absent.

23(1) (Nel et al., 1996)

227 (HW) Between RA and RP1 and distal of the n, the
corresponding transverse veins: (0) are present,
opposite the corresponding postnodal cv; (1) to one or
two first postnodal cv are absent; (2) to the three to
five first postnodal cv are absent.

23(1) (Nel et al., 1996)

228 (FW) ScP extending past n: (0) present; (1) absent.

61 (Fleck & Nel, 2003)

229 (HW) ScP extending past n: (0) present; (1) absent.

61 (Fleck & Nel, 2003)

230 (FW) Rows of cells in C–ScP space distal of n: (0)
one; (1) two; (2) more than two.

124 (Fleck & Nel, 2003)

231 (HW) Rows of cells in C–ScP space distal of n: (0)
one; (1) two; (2) more than two.

124 (Fleck & Nel, 2003)

232 (FW) Species with ScP fused with the costal margin
distinctly basal of the wing apex: (0) present; (1)
absent.

4 (Nel et al., 2010)

233 (HW) Species with ScP fused with the coastal margin
distinctly basal of the wing apex: (0) present; (1)
absent.

4 (Nel et al., 2010)

234 (FW) ScP extending past n: (0) reaching costal
margin basal of midway of postnodal area (1-45%);
(1) reaching costal margin midway of postnodal area
(45-55%); (2) reaching costal margin distal of
midway of postnodal area, but basal of pterostigmal
area (55-90%); (3) reaching pterostigma or nearly so
(90-100%).

61 (Fleck & Nel, 2003)

235 (HW) ScP extending past n: (0) reaching costal
margin basal of midway of postnodal area (1-45%);
(1) reaching costal margin midway of postnodal area
(45-55%); (2) reaching costal margin distal of
midway of postnodal area, but basal of pterostigmal
area (55-90%); (3) reaching pterostigma or nearly so
(90-100%).

61 (Fleck & Nel, 2003)

236 (FW) Pseduo-ScP: (0) present; (1) absent.

6 (Nel et al., 1998)

237 (HW) Pseduo-ScP: (0) present; (1) absent.

6 (Nel et al., 1998)

238 (FW) Postnodal supra-ScP, between C and ScP: (0)
present; (1) absent.

74 (Fleck & Nel, 2003)
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239 (HW) Postnodal supra-ScP, between C and ScP: (0)
present; (1) absent.

74 (Fleck & Nel, 2003)

240 (FW) Postnodal supra-ScP between C and ScP: (0)
long and straight; (1) long but zigzagged; (2) reduced
to few cells.

74 (Fleck & Nel, 2003)

241 (HW) Postnodal supra-ScP between C and ScP: (0)
long and straight; (1) long but zigzagged; (2) reduced
to few cells.

74 (Fleck & Nel, 2003)

242 (FW) Postnodal area: (0) normal (not narrowed); (1)
very narrow.

6 (Nel et al., 1998)

243 (HW) Postnodal area: (0) normal (not narrowed); (1)
very narrow.

6 (Nel et al., 1998)

Wing: Pterostigma (Pt)
244 (FW) Pterostigma (Pt): (0) present; (1) absent; (2)
secondarily lost in both sexes and replaced by a
densely reticulate network of veins.

35 (Rehn, 2003)

245 (HW) Pterostigma (Pt): (0) present; (1) absent; (2)
secondarily lost in both sexes and replaced by a
densely reticulate network of veins.

35 (Rehn, 2003)

246 (FW) Pterostigma bicolored: (0) present; (1) absent.

10(4) (Kalkman, 2006)

247 (HW) Pterostigma bicolored: (0) present; (1) absent.

10(4) (Kalkman, 2006)

248 (FW) Pterostigma (Pt) present in: (0) C–RA and RA–
RP spaces; (1) only the C–RA space.

35 (Rehn, 2003)

249 (HW) Pterostigma (Pt) present in: (0) C–RA and RA–
RP spaces; (1) only the C–RA space.

35 (Rehn, 2003)

250 (FW) Basal side of pterostigma: (0) well-defined and
strong; (1) not well-defined or absent.

79 (Fleck & Nel, 2003)

251 (HW) Basal side of pterostigma: (0) well-defined and
strong; (1) not well-defined or absent.

79 (Fleck & Nel, 2003)

252 (FW) Distal side of pterostigma: (0) well-defined and
strong; (1) not well-defined or absent.

80 (Fleck & Nel, 2003)

253 (HW) Distal side of pterostigma: (0) well-defined and
strong; (1) not well-defined or absent.

80 (Fleck & Nel, 2003)

Wing: Pterostigma (Brace)
254 (FW) Pterostigma brace: (0) present; (1) absent.

36 (Rehn, 2003)

255 (HW) Pterostigma brace: (0) present; (1) absent.

36 (Rehn, 2003)

256 (FW) Pterostigma brace: (0) straight; (1) curved and
arched.

87 (Fleck & Nel, 2003)

257 (HW) Pterostigma brace: (0) straight; (1) curved and
arched.

87 (Fleck & Nel, 2003)

258 (FW) Pterostigma brace: (0) well defined; (1) weakly
defined.

36 (Rehn, 2003)

259 (HW) Pterostigma brace: (0) well defined; (1) weakly
defined.

36 (Rehn, 2003)

260 (FW) Pterostigmal brace: (0) basally shifted; (1) well
aligned with basal side of pterostigma; (2) distally
shifted.

90 (Fleck & Nel, 2003)
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261 (HW) Pterostigmal brace: (0) basally shifted; (1) well
aligned with basal side of pterostigma; (2) distally
shifted.

90 (Fleck & Nel, 2003)

262 (FW) Angle of pterostigma brace in degrees (cv
between RA and RP compared to RA towards base of
wing): (0) >85; (1) 50-85; (2) <50.
263 (HW) Angle of pterostigma brace in degrees (cv
between RA and RP compared to RA towards base of
wing): (0) >85; (1) 50-85; (2) <50.
264 (FW) Pterostigma brace: (0) moderately oblique; (1)
very oblique; (2) curved and arched.

87 (Fleck & Nel, 2003)

265 (HW) Pterostigma brace: (0) moderately oblique; (1)
very oblique; (2) curved and arched.

87 (Fleck & Nel, 2003)

266 (FW) Pterostigmal brace with cross-vein(s) reaching
it: (0) present; (1) absent.

82 (Fleck & Nel, 2003)

267 (HW) Pterostigmal brace with cross-vein(s) reaching
it: (0) present; (1) absent.

82 (Fleck & Nel, 2003)

268 (FW) RP1 kinked at insertion of the pterostigmal
brace vein: (0) present; (1) absent.

106 (Nel et al., 2010)

269 (HW) RP1 kinked at insertion of the pterostigmal
brace vein: (0) present; (1) absent.

106 (Nel et al., 2010)

Wing: Arculus/Discoidal Wing Base
270 (FW) cv in median space: (0) present; (1) absent.

34(1) (Jarzembowski &
Nel, 1996)

271 (HW) cv in median space: (0) present; (1) absent.

34(1) (Jarzembowski &
Nel, 1996)

272 (FW) Number of cv in submedian space: (0) one; (1)
two; (2) three to six; (3) seven or more.

3(6) (Kalkman, 2006)

273 (HW) Number of cv in submedian space: (0) one; (1)
two; (2) three to six; (3) seven or more.

3(6) (Kalkman, 2006)

274 (FW) Number of cells in median space: (0) five or
less; (1) more than five.

1 (Fleck & Nel, 2003)

275 (HW) Number of cells in median space: (0) five or
less; (1) more than five.

1 (Fleck & Nel, 2003)

276 (FW) Cu crossing: (0) present; (1) absent.

41 (Rehn, 2003)

277 (HW) Cu crossing: (0) present; (1) absent.

41 (Rehn, 2003)

278 (FW) CuP: (0) straight; (1) strongly curved and seems
to begin on AA rather than on MP + Cu.

14 (Fleck et al., 2004)

279 (HW) CuP: (0) straight; (1) strongly curved and
seems to begin on AA rather than on MP + Cu.

14 (Fleck et al., 2004)

280 (FW) Cu crossing present, leaving Cu stem at: (0)
oblique angle; (1) right angle.

41 (Rehn, 2003)

281 (HW) Cu crossing present, leaving Cu stem at: (0)
oblique angle; (1) right angle.

41 (Rehn, 2003)

282 (FW) Additional cv immediately distal and basal of
Cu crossing: (0) present; (1) absent.

42 (Rehn, 2003)
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283 (HW) Additional cv immediately distal and basal of
Cu crossing: (0) present; (1) absent.

42 (Rehn, 2003)

284 (FW) Number of cv basal of Cu crossing: (0) several;
(1) one; (2) none.

115 (Rehn, 2003)

285 (HW) Number of cv basal of Cu crossing: (0) several;
(1) one; (2) none.

115 (Rehn, 2003)

286 (FW) Pseudo-anal vein: (0) present; (1) absent.
287 (HW) Pseudo-anal vein: (0) present; (1) absent.
288 (FW) Pseudo-anal vein present: (0) straight; (1)
curved; (2) sigmoid.
289 (HW) Pseudo-anal vein present: (0) straight; (1)
curved; (2) sigmoid.
290 (FW) Pseudo-subdiscoidal cell closed by two cv
between AA + AP and MP + CuA: (0) present; (1)
absent.

4(1) (Jarzembowski et al.,
1998)

291 (HW) Pseudo-subdiscoidal cell closed by two cv
between AA + AP and MP + CuA: (0) present; (1)
absent.

4(1) (Jarzembowski et al.,
1998)

292 (FW) Basal part of the subdiscoidal cell (between
CuP-crossing and pseudo-anal vein) traversed by one
or more accessory cubito-anal cv: (0) present; (1)
absent.

39 (Bechly et al., 1998)

293 (HW) Basal part of the subdiscoidal cell (between
CuP-crossing and pseudo-anal vein) traversed by one
or more accessory cubito-anal cv: (0) present; (1)
absent.

39 (Bechly et al., 1998)

294 (FW) Number of cells in submedian space: (0) 14 or
less; (1) more then 14.

1 (Fleck & Nel, 2003)

295 (HW) Number of cells in submedian space: (0) 14 or
less; (1) more then 14.

1 (Fleck & Nel, 2003)

296 (FW) AA (+ CuP): (0) parallel with MP + CuA
(submedian space not widened in its median part); (1)
not parallel with MP (submedian space distinctly
widened in its median part).

3 (Fleck & Nel, 2003)

297 (HW) AA (+ CuP): (0) parallel with MP + CuA
(submedian space not widened in its median part); (1)
not parallel with MP (submedian space distinctly
widened in its median part).

3 (Fleck & Nel, 2003)

298 (FW) Subdisoidal cv: (0) present; (1) absent.

55 (Rehn, 2003)

299 (HW) Subdisoidal cv: (0) present; (1) absent.

55 (Rehn, 2003)

300 (FW) Subdicoidal cv absent: (0) due to fusion of the
posterior-apical corner of the Q with the hind margin
of the wing; (1) secondarily lost due to proximity of
MP and CuA; (2) due to other reasons.

55 (Rehn, 2003)

301 (HW) Subdicoidal cv absent: (0) due to fusion of the
posterior-apical corner of the Q with the hind margin
of the wing; (1) secondarily lost due to proximity of
MP and CuA; (2) due to other reasons.

55 (Rehn, 2003)
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302 (FW) Subdiscoidal cell posteriorly open: (0) present;
(1) absent.

59 (Nel et al., 2010)

303 (HW) Subdiscoidal cell posteriorly open: (0) present;
(1) absent.

59 (Nel et al., 2010)

304 (FW) Subdiscoidal cell enlarged and with a bulged
posterior margin: (0) present; (1) absent.

57 (Nel et al., 2010)

305 (HW) Subdiscoidal cell enlarged and with a bulged
posterior margin: (0) present; (1) absent.

57 (Nel et al., 2010)

306 (FW) Subdiscoidal space foot-shaped: (0) present; (1)
absent.

33 (Fleck et al., 2003)

307 (HW) Subdiscoidal space foot-shaped: (0) present; (1)
absent.

33 (Fleck et al., 2003)

308 (FW) Basal part of subdiscoidal area, if present: (0)
shorter than the distal part; (1) at least as long as
distal part

14 (Fleck & Nel, 2003)

309 (HW) Basal part of subdiscoidal area, if present: (0)
shorter than the distal part; (1) at least as long as
distal part.

14 (Fleck & Nel, 2003)

310 (FW) Subdiscoidal area: (0) transverse; (1) not
transverse.

13 (Fleck & Nel, 2003)

311 (HW) Subdiscoidal area: (0) transverse; (1) not
transverse.

13 (Fleck & Nel, 2003)

312 (FW) Subdiscoidal area: (0) moderately transverse;
(1) very transverse.

107 (Fleck & Nel, 2003)

313 (HW) Subdiscoidal area: (0) moderately transverse;
(1) very transverse.

107 (Fleck & Nel, 2003)

314 (FW) Subdiscoidal area: (0) very elongate (1) normal
to small.

13 (Fleck & Nel, 2003)

315 (HW) Subdiscoidal area: (0) very elongate (1) normal
to small.

13 (Fleck & Nel, 2003)

316 (FW) Discoidal & subdiscoidal aligned: (0) present;
(1) absent.

100 (Bybee, 2008)

317 (HW) Discoidal & subdiscoidal aligned: (0) present;
(1) absent.

100 (Bybee, 2008)

318 (FW) cv in subdiscoidal area: (0) present; (1) absent.
319 (HW) cv in subdiscoidal area: (0) present; (1) absent.
320 (FW) Number of cells in subdiscoidal area: (0) one;
(1) two or three; (2) four or more.

19(1) (Jarzembowski &
Nel, 1996)

321 (HW) Number of cells in subdiscoidal area: (0) one;
(1) two or three; (2) four or more.

19(1) (Jarzembowski &
Nel, 1996)

322 (FW) Subdiscoidal area: (0) divided into numerous
small cells; (1) divided into few large cells.

15 (Fleck & Nel, 2003)

323 (HW) Subdiscoidal area: (0) divided into numerous
small cells; (1) divided into few large cells.

15 (Fleck & Nel, 2003)

324 (FW) Subdiscoidal space crossed by two parallel
veins or more: (0) present; (1) absent.

22 (Fleck et al., 2003)
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325 (HW) Subdiscoidal space crossed by two parallel
veins or more: (0) present; (1) absent.

22 (Fleck et al., 2003)

326 (FW) Infrasubdiscoidal cells: (0) present; (1) absent.
327 (HW) Infrasubdiscoidal cells: (0) present; (1) absent.
328 (FW) Infrasubdiscoidal spaces: (0) not numerous; (1)
numerous (more than three).

110 (Fleck & Nel, 2003)

329 (HW) Infrasubdiscoidal spaces: (0) not numerous; (1)
numerous (more than three).

110 (Fleck & Nel, 2003)

330 (FW) Distal infrasubdiscoidal spaces posteriorly: (0)
closed; (1) opened.

109 (Fleck & Nel, 2003)

331 (HW) Distal infrasubdiscoidal spaces posteriorly: (0)
closed; (1) opened.

109 (Fleck & Nel, 2003)

332 (FW) Positions of 'a': (0) just basal to Ax1; (1) at or
between Ax1 and Ax2, but closer to Ax1 than Ax2;
(2) more or less equidistance between Ax1 and Ax2;
(3) at or between Ax1 and Ax2, but closer to Ax2
than Ax1; (4) distinctly distal to Ax2.

71 (Bybee, 2008)

333 (HW) Positions of 'a': (0) just basal to Ax1; (1) at or
between Ax1 and Ax2, but closer to Ax1 than Ax2;
(2) more or less equidistance between Ax1 and Ax2;
(3) at or between Ax1 and Ax2, but closer to Ax2
than Ax1; (4) distinctly distal to Ax2.

71 (Bybee, 2008)

334 (FW) Posterior part of 'a': (0) distinctly stronger than
other cross-veins in median space; (1) not distinctly
stronger, or not stronger than other cross-veins in
median space.

4 (Fleck & Nel, 2003)

335 (HW) Posterior part of 'a': (0) distinctly stronger than
other cross-veins in median space; (1) not distinctly
stronger, or not stronger than other cross-veins in
median space.

4 (Fleck & Nel, 2003)

336 (FW) MA and RP: (0) superimposed as anterior 'a';
(1) no common stem forming anterior 'a'.

86 (Bybee, 2008)

337 (HW) MA and RP: (0) superimposed as anterior 'a';
(1) no common stem forming anterior 'a'.

86 (Bybee, 2008)

338 (FW) Discoidal cell: (0) trapezoidal; (1) rectangular.

4(2) (Kalkman, 2006)

339 (HW) Discoidal cell: (0) trapezoidal; (1) rectangular.

4(2) (Kalkman, 2006)

340 (FW) Discoidal cell: (0) not transverse (broader than
long); (1) transverse.

6 (Nel et al., 1993)

341 (HW) Discoidal cell: (0) not transverse (broader than
long); (1) transverse.

6 (Nel et al., 1993)

342 (FW) Anterior border of discoidal cell: (0) less than
twice length of distal border; (1) twice; (2) three
times.

4(2) (Kalkman, 2006)

343 (HW) Anterior border of discoidal cell: (0) less than
twice length of distal border; (1) twice; (2) three
times.

4(2) (Kalkman, 2006)

344 (FW) Distal posterior angle of discoidal cell: (0)
acute; (1) square; (2) obtuse.

69 (Rehn, 2003)

69

345 (HW) Distal posterior angle of discoidal cell: (0)
acute; (1) square; (2) obtuse.

69 (Rehn, 2003)

346 Shape of triangle in forewing and hindwing: (0)
similar; (1) different.

118 (Rehn, 2003)

347 Forewing discoidal triangle: (0) more broad than
hindwing; (1) as broad as that of the hindwing; (2)
more slender than hindwing.
348 Triangle in forewing and hindwing: (0) of similar
proximity to 'a'; (1) in hindwing half as far from the
'a' as in forewing; (2) in hindwing at or very close to
the 'a'.

1 (Madsen & Nel,
1997)
118 (Rehn, 2003)

Wing: Anal
349 (HW) Male anal angle: (0) present; (1) absent.

18 (Fleck & Nel, 2003)

350 (FW) Membranule: (0) present; (1) absent.

72 (Rehn, 2003)

351 (HW) Membranule: (0) present; (1) absent.

72 (Rehn, 2003)

352 (FW) Membranule present; (0) distinct; (1) strongly
reduced.

37 (Nel et al., 1998)

353 (HW) Membranule present; (0) distinct; (1) strongly
reduced.

37 (Nel et al., 1998)

354 (HW) Male anal triangle: (0) present; (1) absent.

120 (Rehn, 2003)

355 (HW) Male anal triangle cells: (0) three or more; (1)
two or less.

120 (Rehn, 2003)

356 (FW) AP: (0) developed within the wing membrane;
(1) fused with the hind margin of the wing, or lost.

66 (Rehn, 2003)

357 (HW) AP: (0) developed within the wing membrane;
(1) fused with the hind margin of the wing, or lost.

66 (Rehn, 2003)

358 (FW) AA and AP: (0) independent; (1) AA separates
from AP near the extremity of the petiole; (2)
completely fused.

8 (Henrotay et al.,
1997)

359 (HW) AA and AP: (0) independent; (1) AA separates
from AP near the extremity of the petiole; (2)
completely fused.

8 (Henrotay et al.,
1997)

360 (FW) AA: (0) present; (1) absent.

10 (Huguet et al., 2002)

361 (HW) AA: (0) present; (1) absent.

10 (Huguet et al., 2002)

362 (FW) Distal portion of AA in cubito-anal area: (0)
well defined, as long as longitudinal vein; (1) not well
defined, strongly zigzagged; (2) appears as a crossvein.

10 (Huguet et al., 2002)

363 (HW) Distal portion of AA in cubito-anal area: (0)
well defined, as long as longitudinal vein; (1) not well
defined, strongly zigzagged; (2) appears as a crossvein.

10 (Huguet et al., 2002)

364 (FW) AA: (0) not fused with MP+Cu before the 'a';
(1) fused with MP+Cu for a short distance, almost
before the level of the 'a'; (2) fused with MP+CA well
before the 'a'.

57 (Nel et al., 1993)

70

365 (HW) AA: (0) not fused with MP+Cu before the 'a';
(1) fused with MP+Cu for a short distance, almost
before the level of the 'a'; (2) fused with MP+CA well
before the 'a'.

57 (Nel et al., 1993)

366 (FW) AA at contact with CuP: (0) angled; (1) linear.

27 (Nel et al., 1993)

367 (HW) AA at contact with CuP: (0) angled; (1) linear.

26 (Nel et al., 1993)

368 (FW) AA: (0) branched; (1) unbranched.

65 (Rehn, 2003)

369 (HW) AA: (0) branched; (1) unbranched.

65 (Rehn, 2003)

370 (FW) AA length reaching: (0) no further than origin
of RP2; (1) further than origin of RP2.

4 (Gassmann, 2005)

371 (HW) AA length reaching: (0) no further than origin
of RP2; (1) further than origin of RP2.

4 (Gassmann, 2005)

372 (FW) 'A' length reaching: (0) no further than Px6; (1)
further than Px6.

4 (Gassmann, 2005)

373 (HW) 'A' length reaching: (0) no further than Px6; (1)
further than Px6.

4 (Gassmann, 2005)

374 (FW) Para-anal cells: (0) two; (1) three; (2) four.

23 (Pilgrim & Von
Dohlen, 2008)

375 (HW) Para-anal cells: (0) two; (1) three; (2) four.

23 (Pilgrim & Von
Dohlen, 2008)

376 (HW) Main anterior branch of Aspl1 vanishing well
before posterior wing margin: (0) present; (1) absent.

21 (Fleck & Nel, 2003)

377 (HW) Number of strong posterior branches in Aspl1:
(0) less than five; (1) five or more.

20 (Fleck & Nel, 2003)

378 (HW) An angle of AA1a below subdiscoidal space:
(0) present; (1) absent.

11 (Fleck & Nel, 2003)

379 (HW) An angle of AA1a below subdiscoidal space
present: (0) weak; (1) strong.

11 (Fleck & Nel, 2003)

380 (HW) AA1b and AA1a near base: (0) strongly
divergent; (1) weakly divergent; (2) well parallel.

12 (Fleck & Nel, 2003)

381 (HW) AA1b: (0) with a very strong curve directed
towards wing base; (1) straight.

19 (Fleck & Nel, 2003)

382 (HW) Convex veins Aspl2 and Aspl3 and proximity
to AA: (0) both touching AA; (1) only Aspl3 touches
AA; (2) both fail to contact AA.

10 (Fleck & Nel, 2003)

383 (HW) Aspl3 clearly divided into two posterior
branches: (0) present; (1) absent.

22 (Fleck & Nel, 2003)

384 (HW) Aspl4 clearly divided into two posterior
branches: (0) present; (1) absent.

22 (Fleck & Nel, 2003)

385 (FW) CuP crosses submedian space: (0) at or basal to
Ax1; (1) distal to Ax1.

8(2) (Nel et al., 1996)

386 (HW) CuP crosses submedian space: (0) at or basal to
Ax1; (1) distal to Ax1.

8(2) (Nel et al., 1996)

387 (FW) CuA and CuP: (0) closely parallel; (1) not
closely parallel.

6 (Nel et al., 2001)

388 (HW) CuA and CuP: (0) closely parallel; (1) not
closely parallel.

6 (Nel et al., 2001)
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389 (FW) Row(s) of cells between CuA and CuP: (0) one;
(1) two or more.

6 (Nel et al., 2001)

390 (HW) Row(s) of cells between CuA and CuP: (0)
one; (1) two or more.

6 (Nel et al., 2001)

391 (FW) Gaff: (0) present; (1) absent.

15 (Bechly et al., 2001)

392 (HW) Gaff: (0) present; (1) absent.

15 (Bechly et al., 2001)

393 (FW) Gaff: (0) relatively straight; (1) sigmoidal.

26 (Bechly et al., 1998)

394 (HW) Gaff: (0) relatively straight; (1) sigmoidal.

26 (Bechly et al., 1998)

395 (FW) Gaff size: (0) short; (1) medium; (2) long.

15 (Bechly et al., 2001)

396 (HW) Gaff size: (0) short; (1) medium; (2) long.

15 (Bechly et al., 2001)

397 (HW) Anal loop: (0) present; (1) absent.

81 (Rehn, 2003)

398 (HW) Anal loop present: (0) simple and sac-like; (1)
elongated with a distinct midrib; (2) well developed
midrib and distinctively boot-shaped.

81 (Rehn, 2003)

399 (HW) Anal loop ‘sole’ cells: (0) three; (1) four; (2)
five; (3) six; (4) seven to eight; (5) nine to ten; (6) 11
or more.

25 (Pilgrim & Von
Dohlen, 2008)

400 (HW) Anal loop Cuspl (midrib): (0) present; (1)
absent.

9 (Fleck & Nel, 2003)

401 (HW) Origin of midrib of anal loop: (0) closer to A2
than A1; (1) equidistant between A1 and A2.

7 (Pilgrim & Von
Dohlen, 2008)

402 (HW) Number of Cuspl: (0) one; (1) two.

4(1) (Nel et al., 1996)

403 (HW) Cuspl: (0) short; (1) long.

5(1) (Nel et al., 1996)

404 (HW) Cuspl is long and: (0) straight; (1) bent at one
place; (2) zigzagged.

5(1) (Nel et al., 1996)

405 (HW) Borders of anal loop: (0) meet posterior border
before meeting each other, leaving the apex of anal
loop open; (1) converge and meet before posterior
border, leaving apex of loop closed.

11(9) (Kalkman, 2006)

406 (HW) Number of rows of cells between the anal loop
and the posterior wing margin: (0) two or less; (1)
three or more.

38(1) (Nel et al., 1996)

407 (FW) Number of rows of cells in CuA–A space: (0)
five or more; (1) four or less.

23 (Vernoux et al.,
2010)

408 (HW) Number of rows of cells in CuA–A space: (0)
five or more; (1) four or less.

23 (Vernoux et al.,
2010)

409 (FW) Species with the ‘kohlwaldiid pattern of anal
and cubital veins’, i.e. ‘presence of numerous simple
posterior branches emerging from a common stem
AA+CuP+CuA’: (0) present; (1) absent.

14 (Nel et al., 2010)

410 (HW) Species with the ‘kohlwaldiid pattern of anal
and cubital veins’, i.e. ‘presence of numerous simple
posterior branches emerging from a common stem
AA+CuP+CuA’: (0) present; (1) absent.

14 (Nel et al., 2010)
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411 (FW) Species with the ‘paralogid pattern of anal and
cubital veins’, i.e. ‘AA1 well developed; CuP with
more than eight posterior branches, covering a very
long area that is distinctly longer than that of CuA’:
(0) present; (1) absent.

13 (Nel et al., 2010)

412 (HW) Species with the ‘paralogid pattern of anal and
cubital veins’, i.e. ‘AA1 well developed; CuP with
more than eight posterior branches, covering a very
long area that is distinctly longer than that of CuA’:
(0) present; (1) absent.

13 (Nel et al., 2010)

Wing: Cubital
413 (FW) CuA: (0) present; (1) absent.

13 (Nel et al., 2001)

414 (HW) CuA: (0) present; (1) absent.

13 (Nel et al., 2001)

415 (FW) CuP: (0) present; (1) absent.

27 (Rehn, 2003)

416 (HW) CuP: (0) present; (1) absent.

27 (Rehn, 2003)

Wing: Radial-Medial Interior
417 (FW) RP midfork: (0) symmetrical; (1) RP1-2
straight with RP3-4 branching posteriorly; (2) RP3-4
straight with RP1-2 branching anteriorly.

28 (Rehn, 2003)

418 (HW) RP midfork: (0) symmetrical; (1) RP1-2
straight with RP3-4 branching posteriorly; (2) RP3-4
straight with RP1-2 branching anteriorly.

28 (Rehn, 2003)

419 (FW) Oblique vein between RP2 and IR2: (0) present;
(1) absent.

29 (Rehn, 2003)

420 (HW) Oblique vein between RP2 and IR2: (0)
present; (1) absent.

29 (Rehn, 2003)

Wing: Wing Tip
421 (FW) Cells in C–RA space distal to pterostigma: (0)
greater than 12; (1) 12 or less.

6 (Nel et al., 1998)

422 (HW) Cells in C–RA space distal to pterostigma: (0)
greater than 12; (1) 12 or less.

6 (Nel et al., 1998)

423 (FW) Rows of cells in C–RA space distal to
pterostigma: (0) one; (1) two; (2) more than two.

92 (Fleck & Nel, 2003)

424 (HW) Rows of cells in C–RA space distal to
pterostigma: (0) one; (1) two; (2) more than two.

92 (Fleck & Nel, 2003)

425 (FW) Apical wing margin shape: (0) not crenulate;
(1) smoothly sinuous; (2) distinctly crenulate.

1 (Gassmann, 2005)

426 (HW) Apical wing margin shape: (0) not crenulate;
(1) smoothly sinuous; (2) distinctly crenulate.

1 (Gassmann, 2005)

427 (FW) RA terminating on wing margin: (0) anterior to
apex; (1) posterior apex.

85 (Rehn, 2003)

428 (HW) RA terminating on wing margin: (0) anterior to
apex; (1) posterior apex.

85 (Rehn, 2003)

429 (FW) RP1 terminating on margin: (0) anterior to
apex; (1) posterior apex.

85 (Rehn, 2003)

430 (HW) RP1 terminating on margin: (0) anterior to
apex; (1) posterior apex.

85 (Rehn, 2003)
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431 (FW) Basal concave 'supplementary vein' between
RP1 and RP2: (0) present; (1) absent.

94 (Fleck & Nel, 2003)

432 (HW) Basal concave 'supplementary vein' between
RP1 and RP2: (0) present; (1) absent.

94 (Fleck & Nel, 2003)

433 (FW) Distal concave 'supplementary vein' between
RP1 and RP2: (0) present; (1) absent.

95 (Fleck & Nel, 2003)

434 (HW) Distal concave 'supplementary vein' between
RP1 and RP2: (0) present; (1) absent.

95 (Fleck & Nel, 2003)

435 (FW) Rows of cells subtending pterostigma (i.e.,
between RA and RP1): (0) one; (1) two; (2) more
than two.

91 (Fleck & Nel, 2003)

436 (HW) Rows of cells subtending pterostigma (i.e.,
between RA and RP1): (0) one; (1) two; (2) more
than two.

91 (Fleck & Nel, 2003)

Wing: Wing Hind Margin
437 (FW) IR1 at wing margin: (0) closer to RP1 than to
RP2; (1) equidistant from RP1 and RP2; (2) closer to
RP2 than to RP1.

26 (Rehn, 2003)

438 (HW) IR1 at wing margin: (0) closer to RP1 than to
RP2; (1) equidistant from RP1 and RP2; (2) closer to
RP2 than to RP1.

26 (Rehn, 2003)

439 (FW) MA–MP field, expanded by dichotomous
branching of MA: (0) present; (1) absent.

78 (Rehn, 2003)

440 (HW) MA–MP field, expanded by dichotomous
branching of MA: (0) present; (1) absent.

78 (Rehn, 2003)

Wing: Wing in General
441 (FW) Petiolation of wings: (0) present; (1) absent.
Note: In this paper, petiolation is defined as any basal
fusion of the veins AA and AP that extends beyond
the ScA brace.

67 (Rehn, 2003)

442 (HW) Petiolation of wings: (0) present; (1) absent.
Note: In this paper, petiolation is defined as any basal
fusion of the veins AA and AP that extends beyond
the ScA brace.

67 (Rehn, 2003)

443 (FW) Widest part of the wing: (0) distal of midpoint;
(1) basal of midpoint.
444 (HW) Widest part of the wing: (0) distal of midpoint;
(1) basal of midpoint.

94 (Archibald et al., in
press)

445 (FW) Wings falcate: (0) present; (1) absent.

1 (Nel et al., 1998)

446 (HW) Wings falcate: (0) present; (1) absent.

1 (Nel et al., 1998)

447 (FW) Venation color: (0) largely whitish; (1) most
often dark or reddish.

7(9) (Kalkman, 2006)

448 (HW) Venation color: (0) largely whitish; (1) most
often dark or reddish.

7(9) (Kalkman, 2006)

449 (FW) Wing color: (0) present; (1) absent (hyaline).

95 (Archibald et al., in
press)

450 (HW) Wing color: (0) present; (1) absent (hyaline).
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451 (FW) Metallic color on wing: (0) present; (1) absent.
452 (HW) Metallic color on wing: (0) present; (1) absent.
453 (FW) Wing base color: (0) present; (1) absent
(hyaline).
454 (HW) Wing base color: (0) present; (1) absent
(hyaline).
455 (FW) Costal wing color: (0) present; (1) absent
(hyaline).
456 (HW) Costal wing color: (0) present; (1) absent
(hyaline).
457 (FW) Apical wing color: (0) present; (1) absent
(hyaline).

96 (Archibald et al., in
press)

458 (HW) Apical wing color: (0) present; (1) absent
(hyaline).
459 (FW) Center of the wing color: (0) present; (1) absent
(hyaline).
460 (HW) Center of the wing color: (0) present; (1) absent
(hyaline).
461 (FW) Proximal posterior wing color (CuA–A fields):
(0) present; (1) absent (hyaline).
462 (HW) Proximal posterior wing color (CuA–A fields):
(0) present; (1) absent (hyaline).
Behavior
463 Position of wings at rest: (0) pressed together over the
abdomen; (1) held laterally away from the thorax and
abdomen.

108 (Rehn, 2003)
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